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            Abstract
Paediatric solid tumours arise from endodermal, ectodermal, or mesodermal lineages1. Although the overall survival of children with solid tumours is 75%, that of children with recurrent disease is below 30%2. To capture the complexity and diversity of paediatric solid tumours and establish new models of recurrent disease, here we develop a protocol to produce orthotopic patient-derived xenografts at diagnosis, recurrence, and autopsy. Tumour specimens were received from 168 patients, and 67 orthotopic patient-derived xenografts were established for 12 types of cancer. The origins of the patient-derived xenograft tumours were reflected in their gene-expression profiles and epigenomes. Genomic profiling of the tumours, including detailed clonal analysis, was performed to determine whether the clonal population in the xenograft recapitulated the patientâ€™s tumour. We identified several drug vulnerabilities and showed that the combination of a WEE1 inhibitor (AZD1775), irinotecan, and vincristine can lead to complete response in multiple rhabdomyosarcoma orthotopic patient-derived xenografts tumours in vivo.
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                    Figure 1: Generation of paediatric solid tumour O-PDX models.[image: ]


Figure 2: Clonal preservation in O-PDX tumours.[image: ]


Figure 3: O-PDX tumours retain epigenetic and molecular signatures of their diverse cellular origins.[image: ]


Figure 4: Preclinical phase III using O-PDX models.[image: ]
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Extended data figures and tables

Extended Data Figure 1 O-PDX models retain the cellular features of the corresponding patient tumours.
aâ€“d, Micrographs of H&E-stained patient tumours and corresponding O-PDX tumours for a representative rhabdomyosarcoma (a), liposarcoma (b), osteosarcoma (c), and neuroblastoma (d). e, Immunohistochemical staining for synaptophysin (brown) for SJNBL013761_D and the matched O-PDX. fâ€“i, Transmission electron micrographs of a representative rhabdomyosarcoma (f), neuroblastoma (g), liposarcoma (h), and osteosarcoma (i). Inset for each micrograph is a higher magnification view of a key cellular hallmark of each tumour. HA, hydroxyapatite. Scale bars, aâ€“e 40â€‰Î¼m; fâ€“i 2â€‰Î¼m.


Extended Data Figure 2 O-PDX tumours retain the genomic features of the patient tumours.
aâ€“d, Heat maps of the 51 tumours that had sufficient material for whole-genome sequencing and whole-exome sequencing analyses. Individual O-PDX/patient tumour pairs are indicated by alternating grey and white columns. Heat maps are grouped on the basis of the disease: rhabdomyosarcoma (a), osteosarcoma (b), neuroblastoma (c), and rare tumours (d).


Extended Data Figure 3 Molecular and cellular clonal heterogeneity.
a, Boxplot of the correlation coefficient (R) between each O-PDX and the corresponding patient tumour. The error bars represent 1.5Ã—â€‰the interquartile range. bâ€“d, Scatterplots for the gene-expression correlation coefficients for the patient tumour compared with the O-PDX relative to the patient tumour purity determined from whole-genome sequencing. The Pearson correlation between those two variables is indicated for each tumour type. The line of best fit for the data is shown (red). e, f, Diagram and scatterplot of the clonal changes in SJOS001132 between the patient tumour and the O-PDX. The proportion of proliferating cells as measured by Ki67 immunostaining and dying cells as measured by cleaved caspase 3 immunostaining. The patient tumour had a major clone with two clusters of SNVs (C1 and C2) that then continued to evolve and diverge in the O-PDX into two distinct clones. One clone contained the original SNVs found in the patient tumour (C1 and C2) and the other clone had an additional cluster of SNVs (C3). The total number of SNVs analysed in this sample was 238. g, H&E staining of the patient tumour and the O-PDX showing an expansion of cells with more aggressive pleiomorphic cellular features. h, i, Diagram and scatterplot of the clonal changes in SJNBL124 between the patient tumour and the O-PDX. The proportion of proliferating cells as measured by Ki67 immunostaining and dying cells as measured by cleaved caspase 3 immunostaining. The patient tumour had a major clone (80% of the tumour) with one cluster of SNVs (C1) and a minor clone (20% of the tumour) with two clusters of SNVs (C1 and C2). In the O-PDX, the minor clone was lost and the tumour continued to evolve and acquired an additional cluster of SNVs (C3). The total number of SNVs analysed in this sample was 373. j, In the H&E-stained patient tumour, there was a major clone (90% of the tumour) with proliferating small round cells and a minor clone (10% of the tumour) that had features of differentiated neuroblastoma cells. The cells with features of differentiated cells were lost in the O-PDX.


Extended Data Figure 4 Epigenetic landscape reflects cellular origins.
a, Heat map of the HMM states used in this study. b, Stack histogram of the percentage of each of the 16 HMM states for the genes expressed specifically in rhabdomyosarcoma across the 3 tumour types (osteosarcoma, neuroblastoma, rhabdomyosarcoma). c, Representative HMM and expression of a gene (MYOG) that is specifically expressed in rhabdomyosarcoma. d, e, Corresponding ChIPâ€“seq peaks for all 12 antibodies and the input sample for the MYOG promoter in the rhabdomyosarcoma and osteosarcoma O-PDXs. f, Stack histogram of the percentage of each of the 16 HMM states for the genes expressed specifically in neuroblastoma across the 3 tumour types (osteosarcoma, neuroblastoma, rhabdomyosarcoma). g, Representative HMM and expression of a gene (PHOX2B) that is specifically expressed in neuroblastoma. h, i, Corresponding ChIPâ€“seq peaks for all 12 antibodies and the input sample for the PHOX2B promoter in the neuroblastoma and rhabdomyosarcoma O-PDXs.


Extended Data Figure 5 Drug screening quality control.
a, Box plot for the Zâ€² score for each of the 1,911 plates screened in this study that passed our quality control metrics. Most cell models (O-PDXs and cell lines) had a Zâ€² score above 0.4 (red line). The average Zâ€² was 0.57 and 95% of plates had Zâ€² between 0.27 and 0.82. The error bars represent 1.5Ã—â€‰the interquartile range. b, Scatterplot of AUC for the doseâ€“response curves for pairs of drugs with similar and dissimilar mechanisms. Larger AUC values represent greater drug potency (killing). The Pearson correlation is shown for each drug pair. c, Scatterplot of AUC for the doseâ€“response curve for two MEK inhibitors (trametinib and selumetinib). The cell models highlighted in red have mutations in the RAS/NF1/MEK pathway.


Extended Data Figure 6 Preclincial pharmacokinetics and in vivo preclinical phase II.
aâ€“c, Concentrationâ€“time curves for panobinostat, bortezomib, and AZD1775 in mice bearing O-PDX tumours. Each data point is the mean and standard deviation of triplicate animals. The pharmacokinetics for IRN and VCR had been determined previously. d, Outline of the schedule used for the combination of panobinostat with bortezomib, VCRâ€‰+â€‰IRN as the standard of care and AZD1775â€‰+â€‰VCRâ€‰+â€‰IRN. The schedules were selected to match that used in patients and the dose was selected to provide the same plasma exposure based on the pharmacokinetics in aâ€“c. eâ€“g, Tumour response for individual SJRHB000026_X1 mice on the preclinical phase II study for placebo-treated mice and each of the three treatment groups. Each line indicates an individual mouse with tumour. h, Stack bar plots of the response percentages for three different RMS O-PDX models with standard of care for recurrent RMS (IRNâ€‰+â€‰VCR) and the AZD1775â€‰+â€‰VCRâ€‰+â€‰IRN treatment regimen. The numbers of mice in each response category are indicated on the plot.
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Supplementary Table 1
Characteristics of patient tumor samples. Basic clinical information on the patient tumor samples is provided in addition to the time to initial engraftment and time to passage for a subset of those samples. One tab has all patients and the other tab has those that engrafted and are cryopreserved for distribution. (XLSX 27 kb)


Supplementary Table 2
Histopathologic and electron microscopic analysis of patient tumors and matched O-PDXs. Pediatric solid tumor pathologists reviewed the histopathology of the individual patient tumors and matched O-PDXs. Immunohistochemical staining was also scored for the majority of those that had samples available. In the 2nd tab, specific subcellular features characteristic of each type of tumor were scored from electron microscopic images for the O-PDX and the patient tumor when sample was available. Electron microscopy is not routinely performed for pediatric solid tumors so availability of patient tumor is limited. Antibody information is provided in the 3rd tab. (XLSX 23 kb)
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Supplementary Table 5
RNA-seq and epigenetic analysis. Four separate tabs are included with correlation analysis for RNA-seq between the O-PDX and matched patient tumor. The boxes are color coded based on correlation coefficient with red being high correlation and blue being lower correlation. The genes that were up or downregualted in individual tumor types relative to all others were used for pathway analysis. Those genes were also correlated with H3K27me3 at the promoter in the tumors that had low expression in individual tabs based on tumor type. (XLSX 276 kb)
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        Editorial Summary
Xenograft archive
Preclinical models of paediatric solid tumours that could help identify predictive biomarkers of a patient's sensitivity to therapy have been lacking. Over five years, the authors have developed an open access collection of orthotopic xenografts of 12 types of paediatric tumour. Genomic and epigenetic characterization reveals that xenografts retain characteristics of the tumour of origin. A high-throughput drug screen provides a resource for the community to identify potentially efficacious drug combinations.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    The next best thing
                

                
	Mark A. Murakami
	David M. Weinstock



                
    
        
            Nature
        
        News & Views
        
        
            30 Aug 2017
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter â€” what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
