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They result from ionizing radiation and 
radiomimetic drugs  

 

• Arise endogenously during  
DNA replication  

 

• Are delivered as initiator of 
physiological recombination 

processes like V(D)J recombination 
and meiosis.  

 

DNA double-strand breaks (DSBs) are a 

severe threat to genomic integrity 



Ionizing radiation: DNA - the critical target 

molecule 

1 Gy X Rays => 
 

 4-5000 Base modifications /cell 
 quick repair (min) 

~ 1.000 ssDNA breaks/cell:      

   quick repair (min) 

~40 DSBs /cell =>     
    repair in hours (days) 

      chromosome aberrations 

      mutations, carcinogenesis or cell death  
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DSB form in chromatin context: Histones & H2A.X  

DNA 

DSB  

   
   

after Kinner et al. 2008, NAR 36:5678 
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g-Photon 500 keV 

a-Particle 4 MeV 

DNA 

IR induces chromatin & DNA damage  

after Goodhead 1994, Aten 2003, Scherthan 2004 

3Gy 

a 
high 

LET 

Low LET 

gH2AX 

DNA 
Kinetochore 

gH2AX 

DNA 

Rad51 (DSBs) 

High LET: complex, potentially  

„lethal“ DNA/chromatin  damage 



Repair Systems fix DSBs 

Homologous 

 recombination 

Single strand  

annealing 

Non-homologous 

end joining 

Proteins  

Involved: 

DSB 

“Error free”                  Error prone  

Damage  

Recognition 

 

End processing 

 

 

Homology  

search 

 

DNA synthesis 

 

 

Ligation 

 



  gH2AX foci @ physiological DSBs  

 

  MEIOSIS (testis, fetal ovary)  

 Lymphocyte maturation  

(VDJ recombination) 

 



DSBs & gH2AX in ♂ mamm. meiosis 

Scherthan 

g-H2AX  

Nuclei 
M.mu. 

DSBs => repair => silencing => chromatin remodelling 



Recombinational DSB Repair during Prophase I 

Rad50,Mre11,Nbs1 (=MRN), 

Com1 

 

RPA, WRN, Tex14  

  

Rad51, Dmc1, Hop2 

52, 55/57 

     BLM/Sgs 

Rad51, Rad54, Tid1 
Rap1 
 

Rad54 

 

 

 

 

Rad54 

 

Spo11, MRN, Rec102,104,114 

Zip1, Msh4,-5, Mlh1 

ATM, Mec1/Tel1 

g-H2ax, SCP3 

♂ mouse 

g-H2AX Cytology 

g-H2AX 

Moens et al. 2002 JCS  

Liebe et al. 2006 ECR 



Spo11-/- 

(no DSBs) 

Spo11+/+ 

gH2AX 

SCP3 

IR-induced DSBs modulates chromatin phosphorylation & prophase I 

progression  

Spo11-/- IR 

3Gy X-rays  

 

 

Liebe et al. 2006 ECR 

gH2AX 



♀ SCP1, g-H2AX, DNA  ♀ g-H2AX, RPA 

Roig et al. 2004, Chromosoma 

♂ g-H2AX, RPA, SCP3  

XY  body 

  

♀ pachytene ♂ pachytene 

g-H2AX localization @ pachytene
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Human meiosis: DNA repair and gH2AX  
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 Method for quick detection of radiation-induced 

damage: DNA-repair focus test 

 
 

Sedelnikova et al. 2002 RR  

Rothkamm & Löbrich 2003 PNAS 

Ionizing radiation exposure: 

gH2AX  focus assay 



100 Gy 10 Gy 1 Gy 100 mGy 10 mGy 1 mGy 100 µGy 10 µGy 

after Löbrich 2003 
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gH2AX detects megabase pair domains  

around dsDNA breaks  

Rogakou, Bonner et al. 1999, JCB 



g-H2AX: ionizing radiation-induced foci 

1. Blood sampling 

2. Leukocyte isolation 

3. Fixation (stop repair/de-phos.) 

4. Immunofluorescence staining 

5. Analysis 

IR 

Scherthan et al. 2007 Wehrm .Mschr . 
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Assay -1– in vitro blood irradiation 
& blood cell isolation  

Beware of erythrocytes ! 
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Focus Assay - Staining 

Most labs: immediate staining after  
IR & incubation / blood cell isolation 

1) Bring the cells to a me-silane coated 
glass slide (cytocentrifuge; drying). 

2) Fix with 3.7% formaldehyde  
3) Extract with TritonX100 
4) add primary antibody  detection 
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Metodological pittfalls: Fixation/extraction 
determines the success of g-H2AX detection 

0.15% TX100, 10 min. 0.5% TX100, 10 min. 

kinetochores  
g-H2AX 



InstRadBioBw  

gH2AX  
53BP1 
DNA 

Apoptotic cells display strong 
gH2AX fluorescence 

Another source of background: granulocyte autofluorescence 

gH2AX  
a.casp.3 
DNA pig skin 
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Sample storage ?  Yes ! 

Ethanol fixed cells can be stored and 
shipped  

! only compare with similarly treated (time 
& temp) controls 
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EtOH-Fixation PBCs 0Gy/1h fresh/old 

LZ-RZ 28.07.
frisch

LZ-RZ 25.08.
frisch

LZ-HS 27.10.
frisch

LZ-RZ 25.08.
alt

Lassmann, Scherthan et al.  
2010, J Nuc Med 
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g-H2AX Focus assay: IF 

n nuclei =   68  (x4,25)                            42  (x2,6)                                                     16 

Enumerate (manually) foci numbers in 40 positive cells,  

or in up to 800 negative cells 

Rothkamm & Löbrich 2003; 
Scherthan et al. 2008 BBRC 
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Av. gH2AX Foci # linearly correlate  

with dose < 2Gy 

 

Rothkamm and Löbrich 2003 

- Rothkamm and Löbrich 2003 PNAS: 
~40 foci at 5‘ @1Gy & ~7foci @ 0.2Gy in fibroblasts 

- Löbrich et al. 2005 PNAS: ~20 foci/Gy in lymphocytes   



Dt 

Repair foci 

DNA 

(nuclei) 

0h                                      2h                                24h  

DNA-Repair Foci in Leukocytes: sensitive,  
but rapidly declining marker of IR exposure 

g-H2AX Foci in in vitro X-IR LCs 
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H. Scherthan, unpublished 
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Replicating cells contain 
different classes of foci 
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BrdU 
gH2AX 
DNA  

Minipig skin, PLoS one, in press 
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Genetic background influences RIF 
formation – effects of NBS1 / ATM 

deficiencies 
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  15’ after 1Gy IR.          : Control 

H. Scherthan, unpublished 



Pittfalls:  

• Tissues with endogenous DNA damage, such as testis, Lymph nodes  
• aging cells,  
• replicating cells 
   

Sedelnikova et al. NCB 2004 

Senescent cells contain increasing # of persistent gH2AX foci 
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Rothkamm and Lobrich 2003 PNAS 

The fraction of cells with “residual” foci 24h 
after IR correlates with clonogenic survival 

ATM-p 

53BP1 

# of cells w >3 foci     cell death   

Pig skin 48 days after 50 GY 
Inst. Radbio. Munich 

Menegakis et al. 2009 IJRB 
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• motorized mic 

 

• motorized slide 
table 

 

• e.g., MetaSystems 
fluor. imaging sys. 

 

 

 

Make a wish: automated image 
capture and analysis ! 
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 Variability in manual analysis 

Focus assay: variation among investigators => automation  

InstRadBioBw 



Computer aided  focus analysis 

• Single cell 

analysis 

• Data output 

• Extended 

focus 

image 

InstRadBioBw 



Automated scanning & image analysis – not so variable?  

InstRadBioBw 
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Reagent-induced variation 

 different secondary Abs –> variation  

neue sek.-Cy5-AKs (Dianova) ; LZ-HS v. 29.04.09 ; verd. 1:200
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Sample storage  

Problem: when collecting samples over time:  
variation in staining 

 

Solution: fix cells and collect samples, 
stain when appropriate 

 
- We use 70% ethanol @ -20°C  

   (Lassman et al. 2010 Nucl.Med.) 
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• M. Lassmann, Clinic of Nuclear Medicine, Univ. of Würzburg, GER 

 

In vivo: repair focus formation in PBL  
after thyroid cancer therapy with I-131 

DTC: Lymph node & thyroid rest  treatment by ablation w  3,7GBq I-131 
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Lassmann et al. 2010, JNM, 

Focus analysis among DTC patients 
treated with ~3.5 GBq I-131: 

high inter-indiv. variability 
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Focus yield in skin & blood after 50 Gy  
partial body g-irradiation 

 

** 

  non-IR            4h post 50Gy 

Pig-skin 

Agay, Scherthan et al. Exp. Hemat. 2010 

Pig model 
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CRSSA, F  



** 

No correlation of foci # in skin & blood  
after 50 Gy partial body g-irradiation 
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Conclusions 

 Repair (gH2AX) Focus Test  

 - High sensitivity 

 

- High inter-individual variability. Rapid decline  

- Residual damage (>24h) correlates with radiation 
sensitivity (in vitro). In skin indicates IR for weeks 

- Good indicator of WB exposure, dose reconstruction  
difficult  

- Problematic for dose reconstruction after partial 
body exposure 
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