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In S phase (top): All variants are being synthesized. 

In G1 (middle): H3.1 and H3.2 are turned off. 

In G0 H2A.1 and H2A.2 are also turned off. 
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NO IR 200 Gy, 0 m 200 Gy, 0.3 m 

200 Gy, 1 m 200 Gy, 3 m 200 Gy, 9 m 

200 Gy, 30 m 200 Gy, 60 m 200 Gy, 90 m 







Muntjac 

Chromosomes. 

Foci are 

apparent by 1 

min post IR. 
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Clinical: Human blood (NIH blood bank) irradiated in vitro 

The assay is very sensitive, able to detect the 

effect of 5 cGy, and linear to >1 Gy. 
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Maximum sensitivity 

is from 0.5 to 2.5 hr 

post treatment.  
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Science. 2002 May 3;296(5569):922-7. Genomic instability in mice lacking histone 

H2AX.   Celeste A(1), Petersen S, Romanienko PJ, Fernandez-Capetillo O, Chen 

HT, Sedelnikova OA, Reina-San-Martin B, Coppola V, Meffre E, Difilippantonio MJ, 

Redon C, Pilch DR, Olaru A, Eckhaus M, Camerini-Otero RD, Tessarollo L, Livak F,  

Manova K, Bonner WM, Nussenzweig MC, Nussenzweig A. 

H2AX−/− 

immortalized 

MEFs exhibit poor 

survival and 

slower dsb repair. 
KO mouse cells 

have poor survival 

KO mouse cells 

lack rapid DNA 

DSB repair 
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Senescing human cells and ageing mice accumulate 

DNA lesions with unrepairable double-strand breaks. 

Sedelnikova OA1, Horikawa I, Zimonjic DB, Popescu 

NC, Bonner WM, Barrett JC. Nat Cell Biol. 2004 

Feb;6(2):168-70. 

 

As NHFs and mouse tissues age, the percentage of 

foci-free cells decreases and the average foci per cell 

values increase.   



In senescent P32 NHF cultures, proteins are resruited more slowly to foci.  

Yellow arrows, gamma-foci overlapping Rad50.  

White arrows, gamma-foci lacking Rad50. 
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Metaphase spreads stained for telomeres by FISH 

and for DSBs by anti-γ-H2AX. 

Are the “unrepairable” γ-foci at defective telomeres? 

Humans: Yes, about 2/3 rds. 

Wt Mice: No 

 

TEL KO Mice:  

4th gen:  

Yes, about 2/3rds 
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CCL2 KO mouse did not 

exhibit distant DNA damage 
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http://www.sciencedirect.com/science?_ob=RedirectURL&_method=gejLink&_linkType=general&_cdi=276829&_issn=18749399&_targetURL=http://www.elsevier.com/locate/issn/18749399&_acct=C000000150&_version=1&_userid=10843&md5=7298744911a966099796a0b0494dd14a
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Kinetics for γ-H2AX foci in macaque plucked hairs after total-body irradiation. 
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Lymphocytes – Drug combination 

Pre-treatment Post-treatment-12hr Post-treatment-36hr 

Post-treatment-60hr 

Patient#4 Patient#6 



Plucked hairs - DNA alkylating agent 

Pre-treatment Post-treatment-2hr 

Post-treatment-4hr 

Post-treatment-24hr 

1.5 mg 3 mg 5 mg 9 mg 3 mg 
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The histone variant H2A.X is a regulator of the epithelial-mesenchymal transition. 

Weyemi U, Redon CE, Choudhuri R, Aziz T, Maeda D, Boufraqech M, Parekh PR, Sethi 

TK, Kasoji M, Abrams N, Merchant A, Rajapakse VN, Bonner WM. 

Nat Commun. 2016 Feb 15;7:10711. doi: 10.1038/ncomms10711. 
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