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		Abstract

		Cellular senescence irreversibly arrests cell proliferation, accompanied by a multi-component senescence-associated secretory phenotype (SASP) that participates in several age-related diseases. Using stable isotope labeling with amino acids in cell culture (SILAC), we identify 343 SASP proteins that senescent human fibroblasts secrete at 2-fold or higher levels compared to quiescent cell counterparts. Bioinformatic analysis revealed that 44 of these SASP factors are involved in hemostasis, a process not previously linked with cellular senescence. We validate the expression of some of these SASP factors in cell culture and in vivo. Mice treated with the chemotherapeutic agent doxorubicin, which induces widespread cellular senescence in vivo, show increased blood clotting. Conversely, use of a transgene that permits the selective removal of senescent cells shows that senescent cell clearance attenuates the increased clotting shown by doxorubicin-treated mice. Together, our study characterizes a SASP profile using SILAC, unveiling a novel function for cellular senescence in hemostasis. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: cellular senescence; SASP; SILAC; chemotherapy; hemostasis; aging

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Wiley,  Christopher and Liu,  Su and Limbad,  Chandani and Zawadzka,  Anna and Beck,  Jennifer and Demaria,  Marco and Artwood,  Robert and Alimirah,  Fatouma and Danielson,  Steven R. and Oron,  Tal Ronnen and Desprez,  Pierre-Yves and Mooney,  Sean and Gibson,  Bradford W. and Schilling,  Birgit and Campisi,  Judith and Kapahi,  Pankaj, SILAC Analysis Reveals a Role for the Senescence-Associated Secretory Phenotype in Hemostasis (2018).  Available at SSRN: https://ssrn.com/abstract=3155773 or http://dx.doi.org/10.2139/ssrn.3155773 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Christopher Wiley

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Su Liu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Chandani Limbad

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Anna Zawadzka

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jennifer Beck

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Marco Demaria

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Robert Artwood

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Fatouma Alimirah

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Steven R. Danielson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tal Ronnen Oron

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Pierre-Yves Desprez

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sean Mooney

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Bradford W. Gibson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Birgit Schilling

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Judith Campisi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Buck Institute for Research on Aging 

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
					
					
					
					
					
					
					
					
					
						
						
						


						
					
					[image: University of California, Berkeley - Lawrence Berkeley National Laboratory (Berkeley Lab)]
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of California, Berkeley - Lawrence Berkeley National Laboratory (Berkeley Lab) 

			

			
			
				
				
				
					1 Cyclotron Road
Berkeley, CA  94720
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Pankaj Kapahi (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Buck Institute for Research on Aging  ( email )

			

			
			
				
				
				
					8001 Redwood Boulevard
Novato, CA  94945
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       53

			

		
		
		
			Abstract Views

			      805

		

		
		
	


	

	
		
			
				       56 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9191)
										
											Cancer Cell (105)
										
											Cell (576)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (21)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2102)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (652)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (242)
										
											iScience (2199)
										
											Joule (306)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (394)
										
											One Earth (83)
										
											Patterns (121)
										
											Structure (141)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Physiology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Physiology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               75

                                    

                                    
                                        PAPERS

                                              588

                                    

                                

                                
                            

                        

                    

                
	
                    Medical Genetics & Genomics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Medical Genetics & Genomics eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               51

                                    

                                    
                                        PAPERS

                                            2,763

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,191

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.276 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
