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            Abstract
We integrated ubiquity, mass and lifespan of all major cell types to achieve a comprehensive quantitative description of cellular turnover. We found a total cellular mass turnover of 80â€‰Â±â€‰20â€‰grams per day, dominated by blood cells and gut epithelial cells. In terms of cell numbers, close to 90% of the (0.33â€‰Â±â€‰0.02)â€‰Ã—â€‰1012 cells per day turnover was blood cells.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: The turnover rates of cells in the human body.[image: ]


Fig. 2: The turnover rates of cellular mass in the human body.[image: ]
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                Data availability

              
              To generate our estimates of cellular turnover, we extracted values from the literature as detailed in the attached spreadsheet files. Our analysis pipeline consists of about 15 different Jupyter notebooks that use the data extracted from the literature as inputs for generating our estimates. The data extracted for the purpose of our analysis, as well as the results of our analysis are summarized in tables available in the GitHub repository located at https://github.com/milo-lab/cellular_turnover.

            

Code availability

              
              We provide the code for generating all numeric estimates at https://github.com/milo-lab/cellular_turnover.
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Extended data

Extended Data Fig. 1 Detailed distribution of the cellular turnover rate of human cells by cell type.
To clarify the presentation, Fig. 1 and Fig. 2 in the manuscript body text only refer to the major groups of cells, presenting only the large contributions to the total turnover. This figure gives the same distribution but at a higher resolution, in which groups such as gastrointestinal cells, lymphocytes and lung cells are divided into their subpopulations. Polygon areas represent the fraction of total daily cell replacement for which the cell category accounts. Visualization performed using the online tool at http://bionic-vis.biologie.uni-greifswald.de/.


Extended Data Fig. 2 Detailed distribution of cellular mass turnover rates of human cells by cell type.
Presentation of the cellular mass turnover rates of human cells at higher resolution that in Fig. 2, which describes only the three largest groups of cell types (gastrointestinal cells, lymphocytes, and lung cells) from Fig. 2. are divided into their subpopulation. Polygon areas represent the fraction of total daily cell replacement for which the cell category accounts.


Extended Data Fig. 3 Distribution of lifespan measurements of epithelial cells in the different segments of the gastrointestinal tract (GIT).
For each segment (that is, stomach, small intestine, colon), the mean values and standard deviation from the different sources are presented on the left. The size of the point represents the number of measurements. In the middle, the mean values of each method are presented with error bars denoting 1 standard error. On the right-hand side, the overall mean value is shown with its standard error estimate.


Extended Data Fig. 4 Cellular mass accumulation rate during development.
a. Mean mass of a human male from gestation through 18 years. Data taken from ICRP,2002. Grey line represents the gestation period. Blue line represents the postnatal period. b. Magnification of the early years of development, including gestation. c. The rate of mass accumulation calculated from the derivation of the cellular mass by time (derived from total mass assuming cellular mass represent a constant fraction of two third of total mass). Units were converted to grams per day. The mean cellular mass turnover rate in adult man homeostasis is given as reference. d. The rate of mass accumulation calculated from the derivation of the mass by time normalized to the total mass. The Y-axis is given in logarithmic scale. The mean cellular mass turnover rate in homeostasis as the percentage of the total weight of an adult man is given as reference.
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