







    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 Biotechnology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature biotechnology

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 14 September 2020



                    Oncoprotein-specific molecular interaction maps (SigMaps) for cancer network analyses

                    	Joshua Broyde1Â na1, 
	David R. Simpson2Â na1, 
	Diana MurrayÂ 
            ORCID: orcid.org/0000-0003-4121-15361Â na1, 
	Evan O. Paull1, 
	Brennan W. Chu1, 
	Somnath Tagore1, 
	Sunny J. Jones1, 
	Aaron T. Griffin1, 
	Federico M. GiorgiÂ 
            ORCID: orcid.org/0000-0002-7325-99083, 
	Alexander Lachmann4, 
	Peter Jackson5,6, 
	E. Alejandro Sweet-CorderoÂ 
            ORCID: orcid.org/0000-0002-9787-93512, 
	Barry Honig1,7,8,9 & 
	â€¦
	Andrea CalifanoÂ 
            ORCID: orcid.org/0000-0003-4742-36791,7,8,10,11,12,13Â 

Show authors

                    

                    
                        
    Nature Biotechnology

                        volumeÂ 39,Â pages 215â€“224 (2021)Cite this article
                    

                    
        
            	
                        8112 Accesses

                    
	
                        14 Citations

                    
	
                            43 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Computer modelling
	Systems biology


    


                
    
    

    
    

                
            


        
            Abstract
Tumor-specific elucidation of physical and functional oncoprotein interactions could improve tumorigenic mechanism characterization and therapeutic response prediction. Current interaction models and pathways, however, lack context specificity and are not oncoprotein specific. We introduce SigMaps as context-specific networks, comprising modulators, effectors and cognate binding-partners of a specific oncoprotein. SigMaps are reconstructed de novo by integrating diverse evidence sourcesâ€”including protein structure, gene expression and mutational profilesâ€”via the OncoSig machine learning framework. We first generated a KRAS-specific SigMap for lung adenocarcinoma, which recapitulated published KRAS biology, identified novel synthetic lethal proteins that were experimentally validated in three-dimensional spheroid models and established uncharacterized crosstalk with RAB/RHO. To show that OncoSig is generalizable, we first inferred SigMaps for the ten most mutated human oncoproteins and then for the full repertoire of 715 proteins in the COSMIC Cancer Gene Census. Taken together, these SigMaps show that the cellâ€™s regulatory and signaling architecture is highly tissue specific.
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                    Fig. 1: Protein-specific molecular interaction SigMap and the OncoSigRF algorithm.[image: ]


Fig. 2: The OncoSigRF LUAD-specific KRAS SigMap.[image: ]


Fig. 3: Experimental validation of the OncoSigRF LUAD-specific KRAS SigMap.[image: ]


Fig. 4: KRAS SigMap tumor context specificity.[image: ]


Fig. 5: OncoSigRF LUAD-specific SigMap analysis of hyper-mutated oncoproteins.[image: ]


Fig. 6: OncoSig: generalization of OncoSigRF to Cancer Gene Census proteins.[image: ]
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Extended data

Extended Data Fig. 1 The top 40 predictions from the OncoSigNB algorithm for the KRAS LUAD SigMap were chosen for validation.
a, Performance of OncoSigNB at recovering the Ingenuity-derived positive gold standard set (PGSS) as a function of LRPost. At an LRPostâ€‰=â€‰53 (probability = 0.50) (vertical gray line), the OncoSigNB LUAD-specific KRAS SigMap contains 10% of the PGSS (horizontal gray line). The vertical red line corresponds to LRPostâ€‰=â€‰240, the cutoff used to obtain candidates for experimental validation. b, ROC curve analysis, evaluated as the recovery of the Ingenuity-derived PGSS (FPRâ€‰â‰¤â€‰0.05), for 1) OncoSigNB (green curve, Nâ€‰=â€‰1028)), 2) Pearsonâ€™s correlation between mRNA expression of KRAS and mRNA expression of other proteins in LUAD (blue curve), and 3) random performance (black curve). Recovery using 2-fold cross-validation (green) is essentially indistinguishable from recovery using 100-fold Monte-Carlo Cross-validation (not shown). 393 OncoSigNB LUAD-specific KRAS SigMap predictions are made for LRPostâ€‰â‰¥â€‰53, which corresponds to probability â‰¥ 0.50 and FPRâ€‰â‰¤â€‰0.019 (purple dot). 40 OncoSigNB LUAD-specific KRAS SigMap predictions are made for LRPostâ€‰â‰¥â€‰240, which corresponds to probability â‰¥ 0.82 and FPRâ€‰â‰¤â€‰0.0018 (yellow dot). The top 40 predictions are listed by gene name in (c). c, Orange and blue boxes contain, respectively, known upstream regulators and downstream effectors that are successfully recovered by OncoSigNB. Italicized text indicates proteins known to interact with KRAS via a physical protein-protein interaction. The box titled â€œvalidated predictionsâ€� shows the novel OncoSigNB predictions tested with the RNAi negative screen; those that were experimentally found to affect cell growth in a KRAS-dependent context are highlighted in bold text.
Source data


Extended Data Fig. 2 The OncoSigRF and OncoSigNB algorithms produce highly similar KRAS LUAD SigMaps.
a, Comparison of ROC curves (FPRâ€‰â‰¤â€‰0.05) for LUAD-specific KRAS SigMaps predicted by OncoSigNB (green and blue curves) and OncoSigRF (orange and red curve) trained on the Ingenuity PGSS and the MSigDB PGSS, respectively. b, Gene Set Enrichment Analysis (GSEA) of the top 100 OncoSigNB LUAD-specific KRAS SigMap predictions at the top of the OncoSigRF LUAD-specific KRAS SigMap predictions. Ranking is based on OncoSigRF score (SRF). Both the OncoSigNB predictions tested in the knockdown experiments (red lines) and the remaining top 100 OncoSigNB predictions (blue lines) are highly enriched at the top of the OncoSigRF predictions (pâ€‰=â€‰5.6 Ã—10âˆ’8 and pâ€‰=â€‰1.7 Ã—10-19, respectively).
Source data


Extended Data Fig. 3 The log2FC of shRNA abundance is plotted against the novel proteins tested in the KRAS negative selection screen.
The 3â€“5 points plotted for a given protein are shRNAs that target the mRNA for that protein (Nâ€‰=â€‰100). The X-axis is sorted by mean log2FC for all shRNAs targeting each gene. Colors change from red to green with mean log2FC.


Extended Data Fig. 4 OncoSigRF predictions are highly enriched in oncogenic KRASMut dependencies.
a, GSEA of KRASMut synthetic lethal partners25 (blue lines, Nâ€‰=â€‰216) and the top 500 OncoSigRF LUAD-specific KRAS SigMap predictions obtained by training on a modified PGSS for which the intersection with the synthetic lethal set was removed. Inset is the GSEA using all OncoSigRF predictions obtained in this way, where the ranking is OncoSigRF score. Enrichment analysis was performed with the aREA (analytic Rank-based Enrichment Analysis) algorithm10. b, Enrichment of the protein resistance-signature to ERK inhibitor SCH77298428 (blue lines, Nâ€‰=â€‰24) within OncoSigRF LUAD-specific KRAS SigMap predictions10. c, Enrichment of proteins involved in response to Reactive Oxygen Species (GO:0000302)8,29 (blue lines, Nâ€‰=â€‰276) within OncoSigRF LUAD-specific KRAS SigMap predictions10.


Extended Data Fig. 5 OncoSigRF KRAS SigMaps exhibit tissue context specificity.
a, ROC curves for the OncoSigRF KRAS SigMaps in LUAD (red), LUSC (gray) COAD (brown), and PAAD (orange) for FPRâ€‰â‰¤â€‰0.05. Performance is evaluated as the recovery of established KRAS pathway proteins. b, Gene set enrichment analysis (GSEA) of KRASMut synthetic lethal partners, as determined by Corcoran et al27 (Nâ€‰=â€‰48, blue lines). To avoid training and testing on the same proteins, OncoSigRF predictions for COAD-specific KRAS SigMap proteins were obtained by training on a modified PGSS from which any established KRASMut synthetic lethal protein had been previously removed. Enrichment analysis was performed with the aREA (analytic Rank-based Enrichment Analysis) algorithm10. c, Scatterplot of OncoSigRF scores for KRAS SigMap proteins in PAAD-vs-LUAD (Nâ€‰=â€‰19,789). Each dot represents the scores for one protein. Darker colored points have high scores (SRFâ€‰â‰¥â€‰0.5) in at least one context, and lighter colored points score poorly in both contexts (SRFâ€‰â‰¤â€‰0.5). R2PAAD/LUADâ€‰=â€‰0.037. d, OncoSigRF COAD-specific KRAS SigMap in the form depicted conceptually in Fig. 1a. To prevent visual cluttering, only the top 33 OncoSigRF predictions (FPRâ€‰â‰¤â€‰0.01) that are also VIPER-inferred KRAS interactors (pâ€‰â‰¤â€‰0.01), PrePPI-predicted KRAS physical interactors, or both, are depicted. Bold and regular text node labels represent established and novel predictions, respectively; orange and blue node colors represent upstream regulators and downstream effectors, respectively; red, blue, and black node borders represent predictions that are druggable (Drug Repurposing Hub22), KRASMut synthetic lethal from the literature and validated here (see text), and both, respectively; orange and blue solid lines and gray nodes represent PrePPI-predicted physical interactors of KRAS.
Source data


Extended Data Fig. 6 OncoSigRF SigMaps for hypermutated oncoproteins are retrospectively validated.
a, Pairwise overlap of established pathway proteins (left) and the OncoSigRF LUAD-specific SigMaps (FPRâ€‰â‰¤â€‰0.01, right) for the ten hyper-mutated oncoproteins (names of columns and rows). Percent overlap is color-coded according to the scale at top. b, SigMap predictions are highly enriched in 600 EGFR-centric network proteins52 (pâ€‰=â€‰2.3 Ã—10âˆ’43). Enrichment analysis was performed with the aREA (analytic Rank-based Enrichment Analysis) algorithm10. c, Box plots of the OncoSigRF LUAD-specific EGFR SigMap scores for two subsets of the curated EGFR pathway proteins from Astsaturov et al:52 those identified as EGFR synthetic lethal partners (red, Nâ€‰=â€‰58) and those not identified as synthetic lethal (grey, Nâ€‰=â€‰542). The p-value (2 Ã—10âˆ’4) was calculated using Welchâ€™s two sample t-test.
Source data
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