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PURPOSE: Currently, the chromosome translocation study is the best method 
to estimate the dose of an old radiation exposure. Fluorescent In Situ 
Hybridisation (FISH) technique allows an easy detection of this kind of 
aberrations. However, as only a few number of chromosomes is usually 
painted, some bias could skew the result. To evaluate the advantage of using 
full genome staining (M-FISH technique) compared with three chromosomes 
labelling (FISH-3 painting), we compared translocation yields in radiotherapy-
treated patients. 
METHODS: Chromosome aberration analyses were performed on peripheral 
blood lymphocyte cultures of two patients treated for a throat cancer by 
radiotherapy. Blood samples were obtained, before, along the treatment and 
six or four months later. For each sample, a dicentrics analysis was performed 
together with translocation analysis either with FISH-3 painting or M-FISH. 
RESULTS: By confronting results from the FISH-3 painting technique and the M-
FISH technique, significant differences were revealed. The translocations yield 
seemed to be stable with the FISH-3 painting technique whereas it is not the 
case with the M-FISH technique. This difference in results was explained by 
the bias induced by FISH-3 Painting technique in the visualisation of complex 
aberrations. Furthermore, we found the presence of a clone bearing a 
translocation involving a painted chromosome. 
CONCLUSIONS: According to the potential bias of FISH-3 painting on 
translocations study, the M-FISH technique should provide more precise and 
reproducible results. Because of its more difficult implement, it seems hardly 
applicable to retrospective dosimetry instead of FISH-3 painting technique. 
 
1 Introduction 
 
Biological dosimetry is used routinely to estimate the dose received either in 
case of accidental overexposure to ionizing radiation or in case of radiation 
exposure suspicion. When the exposure is recent the number of dicentrics in 
circulating lymphocytes is used to estimate a dose. However, the number of 
dicentrics decreases with time, therefore for retrospective dosimetry 
translocations were chosen to estimate the dose. They can be easily detected 
using the FISH-3 Painting technique. It has been used since 10 years to 
estimate a dose for exposures that took place more than one year before 
analysis (Sorokine-Durm et al 1997). 
To be used for retrospective dosimetry, translocations have to be stable with 
time however publications are conflicting regarding this point (Darroudi et al 
2000).  



The variations observed between the different studies could come from the 
small number of chromosomes usually painted with the 3-painting technique, 
in this case not all translocations were detected and the yield of 
translocations obtained was not necessarily the reflection of the true yield of 
translocations. 
To estimate the yield of translocations in the whole genome from the yield of 
translocations observed with the FISH 3-painting technique the Lucas formula 
(Lucas et al 1992) is used. This formula is based on the hypothesis that the 
probability of interaction of a chromosome is dependent on its DNA content. 
But, now it is known that some chromosomes were more or less involved in 
translocations than expected (Johnson et al 1999). The reasons to explain this 
phenomenon are different; going from the relative chromosome territory size 
to the nature and number of active genes beard by considered chromosome. 
Therefore, variation of results between publications can come from the use of 
different cocktails of chromosomes. 
In addition, as only 3 chromosomes are painted some chromosomal aberrations 
are not well detected. It is the case of complex aberrations that can be 
classified as simple ones with the FISH-3 Painting technique. According to 
Anderson the influence of misclassification of complex aberration is far to be 
negligible (Anderson et al 2003). As complex aberrations are mostly unstable 
this could explain instability of translocations observed in long-term follow up 
study. 
For the same reasons, it is sometimes difficult to identify clones particularly 
if they involve only a small number of lymphocytes. But the presence of a 
clone bearing a translocation involving a least one painted chromosome could 
change significantly the result of FISH-3 Painting analysis (Spruill et al 2000). 
So, the use of full genome staining (M-FISH technique) may overcome the bias 
of FISH-3 Painting technique. In order to evaluate the contribution of M-FISH 
technique in the translocation study, we followed with both FISH techniques 
two patients treated only by radiotherapy for head and neck cancers up to 
four or sixth months after the end of treatment.  
 
2 Materials and Methods 
 
2.1 Patients 
The study was performed on two voluntary patients treated for a throat 
cancer by radiotherapy, with a Cobalt-60 source (Cobalt Alcyon, Villejuif). 
Patient 3: male aged 68, heavy smoker and drinker. A total dose of 50 Gy was 
delivered to the tumour through a surface of 332 cm² with a rate of 0.5 
Gy/min by fraction of 2 Gy. 
Patient 10: female aged 45, heavy smoker. A total dose of 50 Gy was delivered 
to the tumour through a surface of 334 cm² with a rate of 1 Gy/min by fraction 
of 2 Gy. 
Blood samples were obtained, before treatment, after a 12 Gy exposure, 
immediately after completion of irradiation, and four or six months later. 
 
2.2 Culture conditions and chromosomal preparations 
Whole blood culture were set up as follows: 500 µl of whole blood was added 
to 5 ml RPMI 1640 medium (Invitrogen, France) supplemented with 10% heat-
inactived foetal calf serum (Invitrogen, France), 1% penicillin-streptomycin 



(stock solution 10000 UI/ml, Invitrogen, France ), 1% Hepes buffer (stock 
solution 1M, Invitrogen, France), 1% L-Glutamine (stock solution 200 mM, 
Invitrogen, France), 1% sodium pyruvate (stock solution 100 mM, Invitrogen, 
France), and 1% 5-Bromodeoxyuridine (5-BrdU, stock solution 50 mg/ml, 
Sigma, U.S.A). 
The cultures were stimulated with 150µl phytohemagglutinin (PHA, Invitrogen, 
France) and were incubated at 37°C for 46 h. Colcemid (KaryoMAX, Invitrogen, 
France) was added at a final concentration of 0.1 µg/ml and the culture 
continued for 2 h. 
After harvesting, the cells were treated with KCl (0.075 M, Sigma, U.S.A) 
hypotonic shock for 8 min at 37°C and fixed three times in 10 ml 
methanol:acetic acid mixture (3:1, v/v). 
Cells were dropped on precleaned slides, air dried and stained with 
Fluorescence Plus Giemsa (FPG) method (IAEA, 1986). 
The remaining fixed material was kept at −20°C, until hybridisation. 
 
2.3 Multicolour FISH 
M-FISH was performed on fresh slides that were aged one night at 37°C. We 
applied the "24Xcytes" probe-kit (MetaSystems, Germany), which contains 
chromosome paints labelled with specific fluorochrome combinations 
according to the MetaSystems protocol. 
Fluorescent images were captured with a Zeiss Axioplan epifluorescent 
microscope connected to the ISIS/mFISH imaging system (MetaSystems, 
Germany). 
 
2.4 FISH-3 Painting  
As for M-FISH, the FISH-3 Painting was performed on fresh slides of 
metaphases that were aged one night at 37°C. Slides were pretreated with 
0.05% pepsin (Roche, Switzerland) then fixated with 1% formaldehyde (VWR, 
France) in 1X PBS (Invitrogen, France)/50 mM MgCl2(Sigma, U.S.A). After 
dehydratation (70, 90, 100% ethanol for 2 min each), the slides were 
denatured 2 min in 70% formamide (VWR, France) solution at 65°C. The slides 
were dehydrated (70, 90, 100% ethanol for 2 min each) and air-dried. 
Commercially produced whole chromosome probes for chromosome 2 (mix 
FITC:Cy3, Cambio, U.K), chromosome 4 (Cy3, Cambio, U.K), and chromosome 
12 (FITC, Cambio, U.K) were denatured 10 min at 65°C and were then 
incubated 30 min at 37°C. Cells were left to hybridise over night at 37°C 
before being washed in 50% formamide at 45°C for 5 min and three times in 
4X SSCT at 45°C 4 min. 
Cells were counterstained using DAPI/Antifade solution (Qbiogene, U.S.A) 
Fluorescent images were captured with a Zeiss Axioplan epifluorescent 
microscope connected to the ISIS/M-FISH imaging system (MetaSystems, 
Germany). 
 

TABLE 1 
Patient 10 chromosomal aberrations analysis by FISH techniques 



 

 
Ttot= total translocations 

 
2.5 Chromosomes Scoring 
The number of cells scored per sample per patient was at least 200 
metaphases for M-FISH analysis, from 1000 to 1500 for FISH-3 Painting 
analysis and 500 metaphases or 100 dicentrics for conventional cytogenetic 
analysis. For several samples, we didn’t succeed in scoring enough metaphases 
as the samples were exhausted. 
Only were counted metaphases containing the full set of 46 chromosomes. 
For M-FISH and FISH-3 Painting analysis, only were scored cells without 
dicentrics, rings or fragments in order to have only stable cells (Pala et al 
2001). 
For the two FISH techniques only were considered apparently simple 
translocations: two-ways translocation corresponding to [t(Ba) + t(Ab)] and 
one-way translocation corresponding to t(Ba) or t(Ab) according to PAINT 
nomenclature (Tucker et al 1995).  
Total translocations corresponded to the sum of two-ways plus one-way 
translocations.  
Complex exchanges resulting from at least three breaks in at least two 
chromosomes were scored but not included in the translocation frequency 
because complex exchanges were described as unstable aberrations (Anderson 
et al 2000).  
In FISH-3 Painting the chromosomes 2, 4 and 12 were painted, consequently 
only 33.3% of translocations were observed according to Lucas formula 
(Morton et al 1991). Consequently to compare effectively FISH-3 Painting 
results with M-FISH results, the number of translocations observed by FISH-3 
Painting had to be multiplied by 3 to obtain the number of translocation that 
would be observed on the whole genome (genome equivalent). 
 
2.6 Statistics 
Confidence intervals were calculated according to Poisson statistics. The Khi2 
test was used to estimate the statistical differences between chromosomal 
aberration frequencies. 
 
3 Results and discussion 
 
3.1 Yield of translocations before radiotherapy  

Patient 10
M-FISH FISH-3 

Painting M-FISH FISH-3 
Painting M-FISH FISH-3 

Painting M-FISH FISH-3 
Painting

Number of cells scored 228 1536 223 1498 259 407 310 1389
Number of Ttot 4 20 18 46 40 27 35 114

Frequency of Ttot 0,0175 0,0130 0,0807 0,0307 0,1544 0,0663 0,1129 0,0821
Frequency of Ttot  genome equivalent 0,0175 0,0391 0,0807 0,0921 0,1544 0,1990 0,1129 0,2462

Fréquence complex cells/ aberrant cells 0 / 0 / 0,0556 / 0,1290 /
Number of clone 2 / 4 / 5 / 5 /

Frequency of clonal cells/ total cells 0,0087 / 0,0176 / 0,0189 / 0,0159 /
Frequency of clonal cells/ total aberrant cells 0,3333 / 0,1818 / 0,1111 / 0,1250 /

Non-irradiated 12 Gy End of treatment Six month later



After FISH-3 Painting analysis of the samples taken before treatment, the 
yield of total translocations for 100 cells was of 4.8 for the patient 3 and 3.9 
for patient 10 (tab 1 and 2). These frequencies were about 5 to 6 times higher 
than those expected in control populations (Whitehouse et al 2005). A same 
increase of the background yield of dicentrics was observed. This yield was 
about 4 times higher than those expected in control population. Similar 
findings have been described in patients suffering from testicular seminoma 
(Schmidberger et al 2001). We suggested several arguments to account for this 
increase. The smoke habits of the two patients could explain up to 30% of the 
increase (Jones et al 2002). Furthermore, the patient 3 was an alcoholic, this 
could also partially explain the high level of translocation as alcohol act in 
synergy with tobacco in cancer genesis process (Talamini et al 2002).  
In our opinion, this high level of translocation could be also linked to the 
numerous X-rays examination that patients underwent. Lastly, the origin of 
this high background could be explained by a cancer suffering patient effect. 
Indeed, people predisposed to some types of cancer could suffer from a 
chromosomal instability syndrome arising from a deficiency in DNA damage 
response (Surralles et al 2004). 
  
3 .2 Evolution of chromosomal aberrations 
 Dicentrics and translocations frequencies were studied using respectively FPG 
technique and FISH techniques, during the treatment and up to several months 
after. The evolution showed some variations according to the technique used.  
In a first step are described the results obtained with the FPG technique. With 
regard to patient 3 (Fig1 tab3), the yield of dicentrics observed, increased 
during the treatment and was divided about by half six months after the end 
of the radiotherapy. All the points were statistically different. For patient 10, 
the yield of dicentrics observed, increased during the treatment and tended to 
decrease without being significantly different four months after the end of the 
radiotherapy. 
In a second step are described the results obtained with the M-FISH technique 
(fig2&3).  
The patient 3 translocations yield measured by this technique increased 
during the treatment and returned to the level of the 12 Gy exposure six 
months after the end of the radiotherapy. 
The same trend was observed with patient 10 but the decrease at the end of 
the treatment was not so important and the frequency of translocations four 
months after the end of treatment was not significantly different from the one 
at the end of treatment. 
 
 

 
TABLE 2 

Patient 3 chromosomal aberrations analysis by FISH techniques 
 

Patient 3
M-FISH FISH-3 

Painting M-FISH FISH-3 
Painting M-FISH FISH-3 

Painting M-FISH FISH-3 
Painting

Number of cells scored 210 1000 193 1041 263 600 207 1006
Number of Ttot 15 16 24 59 62 76 26 150

Frequency of Ttot 0,0714 0,0160 0,1244 0,0567 0,2357 0,1267 0,1256 0,1491
Frequency of Ttot  genome equivalent 0,0714 0,0480 0,1244 0,1700 0,2357 0,3800 0,1256 0,4473

Frequency of complex cells/ aberrant cells 0,0625 / 0,0417 / 0,1667 / 0,2759 /

Non-irradiated 12 Gy End of treatment Six month later



 
 

Ttot= total translocations 
 
 
 
 

TABLE 3 
Patient 10 and 3 yield of dicentrics + rings 

 

 
 
 

In a third step we studied the evolution of translocations frequency with the 
FISH-3 Painting technique (fig2&3). For both patient 3 and patient 10, the 
yield of translocations observed, significantly increased during the treatment. 
Four or six months after the end of treatment, the level of translocations was 
tended to increase without being significantly different than at the end of 
treatment. 
 
 
 
 
 

Patient 10 Non-irradiated 12 Gy End of treatment Six month later
Number of cells scored 516 500 194 318

Number of 
Dicentrics+Rings 2 64 108 158

Frequency of 
Dicentrics+Rings 0,004 0,128 0,557 0,497

Patient 3 Non-irradiated 12 Gy End of treatment Six month later
Number of cells scored 513 450 127 209

Number of 
Dicentrics+Rings 2 46 129 117

Frequency of 
Dicentrics+Rings 0,004 0,102 1,016 0,560
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Fig 1: Patient 10 and 3 evolution of the yield of Dicentrics + Rings among the 
study. 
*: statistically different from unirradiated sample (p<0.05), °: statistically different from 12 Gy exposure sample 
(p<0.05) 
∆: statistically different from six month after exposure sample (p<0.05), γ: statistically different from end of 
treatment sample (p<0.05) 
 
 

 

 
 

Fig 2: Patient 3 evolution of the yield of total translocation among the study. 
*: statistically different from unirradiated sample (p<0.05), °: statistically different from 12 Gy exposure sample 
(p<0.05) 
∆: statistically different from six month after exposure sample (p<0.05), γ: statistically different from end of 
treatment sample (p<0.05) 
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Fig 3: Patient 10 evolution of the yield of total translocation among the study. 
*: statistically different from unirradiated sample (p<0.05), °: statistically different from 12 Gy exposure sample 
(p<0.05) 
∆: statistically different from six month after exposure sample (p<0.05), γ: statistically different from end of 
treatment sample (p<0.05) 

 
Interestingly, translocations observed in stable cells by M-FISH and FPG 
techniques followed a same trend. The decrease of dicentrics was probably 
not attributable only to the instability of cells containing dicentrics as the 
same evolution were observed for translocations that are described to be 
stable chromosomal aberrations. A dilution of irradiated cells by unirradiated 
lymphocytes expansion could explain this observation. 
To check if this hypothesis is correct, the knowledge of the lymphocyte 
concentration is required. We obtained this information only for the patient 3, 
whose lymphocytes concentration was measured at the end of treatment and 
after the 12 Gy exposure. The number of lymphocytes was about 1370 
lymphocytes/µl after the 12 Gy exposure against about 770 lymphocytes/µl at 
the end of treatment. So, it seems plausible that after the radiotherapy 
lymphocyte proliferated to reach a more normal concentration. The 
consequence is a dilution of irradiated lymphocytes by newly produced ones 
resulting in a decrease in the yield of translocations and dicentrics. 
 
3.3 Differences in translocations yield evaluation between FISH techniques 
 
3.3.1 Classification of complex aberrations 
There were differences between FISH-3 Painting and M-FISH techniques 
regarding the frequency of total translocations. At the end of treatment and 
several months after, the yield of translocations in the whole genome were 
overvalued with the FISH-3 Painting technique. 
The misclassification of complex translocations by the FISH-3 Painting 
technique can explain this difference. As, only three chromosomes were 
painted, some complex aberrant cells could have been counted as simple and 
were not eliminated from the analysis. According to an Anderson’s study on 3 
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Gy X-Rays irradiated lymphocytes, the rate simple aberrations on complex 
aberrations were 2.6 times higher with FISH-3 Painting technique than with 
the M-FISH technique (Anderson 2003). It means that a great part of complex 
aberrations is counted as simple, increasing the total translocations yield in 
samples analysed by FISH-3. On the other hand, a trend to increase of complex 
cells frequency was observed between the points “end of treatment” and “six 
month later” (Tab 3). This increase observed with the M-FISH technique was 
not significant, but observed in the two patient samples. Therefore, the 
misclassification of complex aberrations with FISH-3 Painting technique 
coupled with an increase of complex aberrations frequency some month after 
exposition results of a visible stability of the yield of translocations observed 
by FISH-3 Painting. 
It appears that the complex aberrations misclassification by FISH-3 Painting 
technique could mainly explain the difference between the results obtained by 
the two FISH techniques. 
 
3.3.2 Involvement of a lymphocyte clone 
A lymphocyte clone was identified by M-FISH, it contained a two way 
translocation involving the chromosomes 2 and 5. This clone represented 
about 1,5 % of analysed cells through the different samples (tab 1). The 
impact of the clone on the yield of translocations was then estimated by M-
FISH analysis. If included in the scoring, the clonal cells represented about 33% 
of total aberrant cells before treatment to 12,5 % six months later (tab1). 
The presence in a clone of a translocation involving a chromosome painted 
with the FISH-3 Painting technique has an impact on the comparison of the 
translocations yield between the M-FISH technique and the FISH-3 Painting 
technique. 
In order to avoid this, metaphases suspected to be a clone, i.e. containing a 
two-way translocation involving the chromosome 2 and a chromosome with the 
same length than the chromosome 5, were not included in the scoring. 
According to our observations, if only the FISH-3 Painting analysis was done on 
this patient, the clone would not have been detected. Indeed, the scorer could 
not find easily the presence of a clone bearing a translocation involving 
painted chromosomes without any indication on the nature of this 
translocation. For retrospective biological dosimetry, the presence of 
lymphocyte clones could be at the origin of an error of dose estimation when 
using FISH-3 Painting. The main problem could appear if the clone contained a 
translocation involving one of the painted chromosome, then the dose would 
be overestimated. If the clone did not contain any painted chromosomes its 
impact on the evaluation of dose should depend on the rate of cell dilution due 
to lymphocytes proliferation.  
 
Conclusion 
 
The goal of our study was to evaluate the interest of the M-FISH technique in 
the study of translocations. We have shown that M-FISH and FISH-3 Painting 
techniques did not give the same total translocations yield for two main 
reasons: first, because with the FISH-3 Painting technique complex 
translocations are classified as simple and second, because clones cannot be 
detected with the FISH-3 Painting technique. In a purpose of retrospective 



biological dosimetry these bias can lead to an overestimation of the yield of 
translocations and consequently, to an overestimation of the dose. We have 
demonstrated that the M-FISH technique allows overcoming the FISH-3 Painting 
technique bias. Therefore, the M-FISH technique seems to be a good candidate 
to increase the accuracy of a retrospective biological dosimetry. Even if this 
technique is heavy to carry out, it could be interesting to use it in parallel to 
the FISH-3 Painting technique.  
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