







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature genetics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 06 July 2014



                    Whole-exome and targeted gene sequencing of gallbladder carcinoma identifies recurrent mutations in the ErbB pathway

                    	Maolan Li1,2Â na1, 
	Zhou Zhang1,2,3Â na1, 
	Xiaoguang Li4Â na1, 
	Junyi Ye5, 
	Xiangsong Wu1,2, 
	Zhujun Tan1,2, 
	Chang Liu6, 
	Baiyong Shen7, 
	Xu-An Wang1,2, 
	Wenguang Wu1,2, 
	Daizhan Zhou3, 
	Di Zhang3, 
	Ting Wang3, 
	Bingya Liu7, 
	Kai Qu6, 
	Qichen Ding1,2, 
	Hao Weng1,2, 
	Qian Ding1,2, 
	Jiasheng Mu1,2, 
	Yijun Shu1,2, 
	Runfa Bao1,2, 
	Yang Cao1,2, 
	Peizhan Chen4, 
	Tianyu Liu1,2, 
	Lin Jiang1,2, 
	Yunping Hu1,2, 
	Ping Dong1,2, 
	Jun Gu1,2, 
	Wei Lu1,2, 
	Weibin Shi1,2, 
	Jianhua Lu1,2, 
	Wei Gong1,2, 
	Zhaohui Tang1,2, 
	Yong Zhang1,2, 
	Xuefeng Wang1,2, 
	Y Eugene Chin8, 
	Xiaoling Weng5, 
	Hong Zhang5, 
	Wei Tang9, 
	Yonglan Zheng10, 
	Lin He3,5,11, 
	Hui Wang4,12Â na2, 
	Yun Liu5Â na2 & 
	â€¦
	Yingbin Liu1,2Â na2Â 

Show authors

                    

                    
                        
    Nature Genetics

                        volumeÂ 46,Â pages 872â€“876 (2014)Cite this article
                    

                    
        
            	
                        15k Accesses

                    
	
                        299 Citations

                    
	
                            21 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	DNA sequencing
	Gall bladder cancer


    


                
    
    

    
    

                
            


        
            Abstract
Individuals with gallbladder carcinoma (GBC), the most aggressive malignancy of the biliary tract, have a poor prognosis. Here we report the identification of somatic mutations for GBC in 57 tumor-normal pairs through a combination of exome sequencing and ultra-deep sequencing of cancer-related genes. The mutation pattern is defined by a dominant prevalence of C>T mutations at TCN sites. Genes with a significant frequency (false discovery rate (FDR) < 0.05) of non-silent mutations include TP53 (47.1%), KRAS (7.8%) and ERBB3 (11.8%). Moreover, ErbB signaling (including EGFR, ERBB2, ERBB3, ERBB4 and their downstream genes) is the most extensively mutated pathway, affecting 36.8% (21/57) of the GBC samples. Multivariate analyses further show that cases with ErbB pathway mutations have a worse outcome (P = 0.001). These findings provide insight into the somatic mutational landscape in GBC and highlight the key role of the ErbB signaling pathway in GBC pathogenesis.
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                    Figure 1: Somatic SNV signature in GBC.[image: ]


Figure 2: Significantly mutated genes in GBC.[image: ]


Figure 3: Somatic alterations of ERBB3 and ERBB2 and their oncogenic effects on normal and GBC cells.[image: ]


Figure 4: Somatic mutations of the ErbB signaling pathway in GBC.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Research strategy of this study.
Whole-exome sequencing was performed for 32 GBC pairs, and ultra-deep targeted gene sequencing was performed for 51 GBC pairs. The recurrently mutated genes, as determined from the exome data, were included in the targeted gene panels. Recurrently mutated genes and pathways were evaluated for the two data sets. By combining the 2 data sets, 21 of 57 GBC patients carrying non-silent somatic mutation(s) of ErbB pathways were identified. Oncology studies of the ErbB family on GBC cell lines were conducted, and associations between ErbB pathway mutations and prognosis were assessed.


Supplementary Figure 2 Comparison between exome and targeted sequencing.
(a) The samples included in the exome and targeted sequencing are shown in a Venn diagram. In total, 57 samples were utilized in this study, 26 of which were processed with both exome and targeted sequencing. (b) In the 26 overlapped samples, somatic non-silent mutations found in the shared coding region of exome and targeted sequencing are compared and shown in a Venn diagram. Seventy-one somatic mutations were identified by both methods; 22 and 96 were discovered only by exome or targeted sequencing, respectively.


Supplementary Figure 3 Schematic diagram of TP53 and KRAS somatic mutations.
(a,b) The relative positions of somatic mutations in TP53 and KRAS are shown with the gene structure. An orange box indicates a non-silent mutation, and a blue box indicates a mutation in an intron or UTR.


Supplementary Figure 4 The oncogenic effect of ERBB3 mutants in OCUG-1 cells.
OCUG-1 cells were transiently transfected with vector expressing ERBB3-WT or mutants, and cell viability was determined by MTT assay. Data represent the means Â± s.e.m. of three independent experiments (*P < 0.05, **P < 0.01 compared to cells transfected with the control vector; Â§P < 0.05, Â§Â§P < 0.01 compared to cells expressing ERBB3 WT).


Supplementary Figure 5 The efficacies of RNA interference against ERBB1, ERBB2 and ERBB3 in GBC cells as determined by RT-PCR.
(aâ€“d) GBC cells were respectively transfected with RNAi against two independent regions of ERBB1, ERBB2 and ERBB3, and the mRNA expressions of these genes was determined with real-time quantitative PCR 48 h later. Î²-actin was used as an internal control.


Supplementary Figure 6 Analysis of cell viability of GBC cells after knocking down ERBB1, ERBB2 and ERBB3.
(aâ€“d) GBC cells were transfected with two siRNAs against ERBB1, ERBB2 and ERBB3, and cell viability was determined at days 0, 2, 4 and 6. The data shown are representative of values from three independent experiments (mean Â± s.e.m.; *P < 0.05, **P < 0.01 versus the control siRNA group).


Supplementary Figure 7 Knocking down of ERBB3 and ERBB2 impaired GBC cell migration.
The effect of ERBB3 and ERBB2 on cell migration was determined for NOZ and OCUG-1 cells using RNAi. Representative images indicate three independent experiments with similar results.
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