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                    Abstract
Background
Cancer-associated fibroblasts (CAFs) communicate with cancer cells to play important roles in tumor progression. However, CAFs have heterogeneous phenotypes and functions. To understand how much of this heterogeneity relates to different biological responses, a more efficient method of generating single-cell-derived CAF clones is required.
Method
We transduced two primary CAF cultures (CAFs-608 and CAFs-621) from lung adenocarcinoma with human telomerase reverse transcriptase (hTERT), mutant forms of cyclin dependent kinase 4 (CDK4R24C) independently and in combination (hTERT/CDK4R24C). After live imaging of each sorted-single cell, we evaluated the numbers of successfully established clones from CAFs-hTERT, CAFs-CDK4R24C, and CAFs-hTERT/CDK4R24C. Furthermore, we examined the expression levels of genes associated with tumor promoting pathways in established clones by qRT-PCR.
Results
Overexpression of hTERT and CDK4R24C efficiently extended the lifespan of both CAFs-608 and CAFs-621. The number of established CAF clones was highest for CAFs-hTERT/CDK4R24C, with 57 and 62 clones established from CAFs-608 and CAFs-621, respectively. Conversely, 16 and 11 CAFs-hTERT clones were derived from CAFs-608 and CAFs-621, respectively and 10 and 8 CAFs-CDK4R24C clones were from CAFs-608 and CAFs-621, respectively. TGF-b, ATCA2, and HSF1 mRNA levels differed in individual clones established from CAFs-hTERT/CDK4R24C. The expression levels of ATCA2 and HSF1 were much higher in one clone than in the other established clones and the parental CAFs.
Conclusion
Our results show that combined exogenous expression of hTERT and mutant CDK4 is an effective method to generate single-cell-derived CAF clones. This provides an innovative and suitable approach to investigate the heterogeneous function and phenotype of CAFs.
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Supplementary Fig. 1 mRNA expression in CAFs, CAFs-hTERT, CAFs-CDK4R24C and CAFs-hTERT/CDK4R24C measured by qRT-PCR. Vertical axis shows target gene/GAPDH*100. (TIF 15805 KB)
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Supplementary Fig. 2 Morphological appearance of established clones from CAFs-hTERT and CAFs-CDK4R24C. Immunofluorescence microscopic images of established clones from CAFs-608-hTERT (upper) and CAFs-608-CDK4R24C (lower). (TIF 6482 KB)
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Supplementary Fig. 3 Morphological appearance of established clones from CAFs-hTERT/CDK4R24C. Immunofluorescence microscopic images of established clones from CAFs-608- hTERT/CDK4R24C. The morphology of each clone is divided into 4 types; 1) cells with a typical fibroblast morphology (clone 10, 18, 32, 39, 46, et al.), 2) cells with a more short spindle shape (clone 3, 19, 29, et al.), 3) cells with a more stellate shape (clone 1, 16, 42, 57, et al.), and 4) cell with a more elongated shape (clone 50, 56, et al.). (TIF 31304 KB)
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Supplementary Fig. 4 Scatter plot of hTERT/CDK4R24C mRNA levels vs TGFB/ATCA2/HSF1mRNA levels. Spearman’s rank correlation scatter plot of hTERT/CDK4R24C mRNA levels (Y axis) and TGFB/ATCA2/ levels (X axis) in established 14 clones. (TIF 5721 KB)


Supplementary material 5 (PDF 92 KB)

Supplementary material 6 (PDF 21 KB)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Hashimoto, H., Suda, Y., Miyashita, T. et al. A novel method to generate single-cell-derived cancer-associated fibroblast clones.
                    J Cancer Res Clin Oncol 143, 1409–1419 (2017). https://doi.org/10.1007/s00432-017-2409-3
Download citation
	Received: 09 February 2017

	Accepted: 27 March 2017

	Published: 31 March 2017

	Issue Date: August 2017

	DOI: https://doi.org/10.1007/s00432-017-2409-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Cancer associated fibroblast
	hTERT
	CDK4R24C
	Single-cell-derived clones
	Live imaging








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.201.69.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    