
Supplementary information 
      There are several considerations that arise with the previously reported derivation of human cell 
division numbers for tissue-specific stem cells5. For one, the analysis conflates mouse with human 
data which overlooks major differences in their tissues and the numbers of proliferating cells36-38. 
Second, there were extrapolations from the literature that may not hold, such as the assignment of 
0.4% as the percentage of esophageal stem cells, a number taken from a peripheral BUdR-labeling 
experiment in a report whose primary conclusion was that there are no specialized stem cells in the 
mouse esophagus, but that all of the basal epithelial cells are involved in tissue maintenance and 
repair39.  Furthermore, the estimation of neural stems cell divisions was based on an early study that 
assumed there are no neural cell divisions after birth40.  However, a more recent study from the 
same laboratory showed that there is a small but significant amount of neural cell division after 
birth41. Additionally, the authors assumed that the total lifetime stem cell divisions for three 
developmentally related tissues (pancreas, small intestine, and liver) were identical. This sidesteps 
many of the current uncertainties concerning the identity of these particular tissue’s stem cells. 
Based on these considerations, it seems unlikely that any truly definitive analysis involving 
estimations of human tissue stem cell divisions can be made at this time.  
     Furthermore, there is evidence that a hierarchy of cells, from stem cells to committed progenitor 
cells to differentiated cells, within the same tissue can serve as the tumor-cell of origin. For 
example, diethylnitrosamine (DEN) hepatocarcinogenesis appears to involve oncogenic 
transformation of mature hepatocytes, whereas the carcinogen furan activates bile duct progenitor 
cells giving rise to cholangiocellular carcinomas, and other carcinogenic regimens leading to liver 
cancer are thought to target either hepatoblast-like bipolar progenitor cells or the periductual stem 
cell42.   Therefore we sought to establish an analytical approach that made as few assumptions as 
possible about the tumor-cell of origin, yet maintained the intuitive idea that the rate of cell division 
is an important parameter in the origin of most cancers.  We utilized a carefully curated database of 
numbers at the Database of Useful Biological Numbers (http://bionumbers.hms.harvard.edu) to find 
estimates of cellular turnover rates for different tissues.  The turnover rates for cells in the human 
prostate gland and breast tissue was taken from the literature43,44. These turnover rates (see table 
below) were used together with the estimates of total tissue cell numbers, and estimated human 
lifespan of 80 years, to derive an alternative set of numbers used in our analysis in Fig. 3b. 
 

Cancer type Cancer riska 
Homeostatic tissue 

cell numberb 
Tissue turnover 
rate (days)c,43,44 

Lifetime 
turnoverd 

Lifetime cell 
divisionse 

Basal Cell 3.00E-01 1.80E+11 20 1460.0 2.63E+14 
Breast 1.23E-01 1.00E+12 85 343.5 3.44E+14 
COAD 4.80E-02 3.00E+10 3.5 8342.9 2.50E+14 
COAD/FAP 1.00E+00 3.00E+10 3.5 8342.9 2.50E+14 
COAD/Lynch 5.00E-01 3.00E+10 3.5 8342.9 2.50E+14 
Hepatocellular 7.10E-03 2.41E+11 273 107.0 2.58E+13 
Hepatocellular/HCV 7.10E-02 2.41E+11 273 107.0 2.58E+13 
Lung adeno nonsmokers 4.50E-03 4.34E+11 8 3650.0 1.58E+15 
Lung adeno smokers 8.10E-02 4.34E+11 8 3650.0 1.58E+15 
Osteosarcoma 3.50E-04 1.90E+09 90 324.4 6.16E+11 
Osteosarcoma arms  4.00E-05 3.00E+08 90 324.4 9.73E+10 



Osteosarcoma -head 3.02E-05 3.90E+08 90 324.4 1.27E+11 
Osteosarcoma of Leg 2.20E-04 7.20E+08 90 324.4 2.34E+11 
Osteosarcoma -pelvis 3.00E-05 2.00E+08 90 324.4 6.49E+10 
Prostate 1.40E-01 1.10E+10 500 58.4 6.42E+11 
Small intestine 7.00E-04 1.70E+10 3 9733.3 1.65E+14 
Testicular germ cell 3.70E-03 2.16E+10 60 486.7 1.05E+13 

ahttp://seer.cancer.gov 
bThe numbers are adopted from Table S1 of the supplementary materials in Tomasetti and 
Vogelstein5. For breast and prostate, 0.5 kilogram and 11 grams are used as their average weights, 
and given that the average weight of a human cell is about 1ng, their homeostatic tissue cell 
numbers are estimated to be 1x1012 and 1.1x1010, respectively. 
chttp://bionumbers.hms.harvard.edu 
dLifetime turnover = [80 year * 365 days/year]/Tissue turnover rate (days) 
eLifetime Cell Divisions = Homeostatic tissue cell number * Lifetime turnover 
 
 
 
 
Reference: 
36 Ginis, I. et al. Differences between human and mouse embryonic stem cells. Developmental biology 

269, 360-380 (2004). 

37 Rangarajan, A. & Weinberg, R. A. Comparative biology of mouse versus human cells: modelling 
human cancer in mice. Nature Reviews Cancer 3, 952-959 (2003). 

38 Odom, D. T. et al. Tissue-specific transcriptional regulation has diverged significantly between 
human and mouse. Nature genetics 39, 730-732 (2007). 

39 Doupé, D. P. et al. A single progenitor population switches behavior to maintain and repair 
esophageal epithelium. Science 337, 1091-1093 (2012). 

40 Spalding, K. L., Bhardwaj, R. D., Buchholz, B. A., Druid, H. & Frisen, J. Retrospective birth dating of 
cells in humans. Cell 122, 133-143, doi:10.1016/j.cell.2005.04.028 (2005). 

41 Spalding, K. L. et al. Dynamics of Hippocampal Neurogenesis in Adult Humans. Cell 153, 1219-1227, 
doi:DOI 10.1016/j.cell.2013.05.002 (2013). 

42 Sell, S. Cellular origin of hepatocellular carcinomas. Seminars in cell & developmental biology 13, 
419-424 (2002). 

43 Berges, R. R. et al. Implication of cell kinetic changes during the progression of human prostatic 
cancer. Clinical cancer research : an official journal of the American Association for Cancer Research 
1, 473-480 (1995). 

44 Meyer, J. S. Cell proliferation in normal human breast ducts, fibroadenomas, and other ductal 
hyperplasias measured by nuclear labeling with tritiated thymidine. Effects of menstrual phase, 
age, and oral contraceptive hormones. Human pathology 8, 67-81 (1977). 


