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Cytogenetic techniques are the most sensitive and reliable tools for biomonitoring and 

biodosimetry of people professionally or accidently   exposed to ionizing radiation. They  are  
applied  in addition to the evaluations  of  the  physical  dosimetry  and  they  consider the  
individual  radiosensitivity. The main potential risk  for humans  from exposure to low doses 
of ionizing radiations is the enhanced  incidence of  stochastic effects, i.e. cancerogenesis and 
heritable genetic effects. This report  presents a  comparative  evaluation of  the  cytogenetic  
markers  for  radiation  damage  of humans  and a general conclusions of cytogenetic studies  
of chromosomal aberrations and micronuclei formation in individuals occupationally exposed  
to action of ionizing radiation. The  sensitivity  of  the  methods is compared and  their  great  
development  and  mastering  during  the last  years, as  well  as  the  basis  of  their  
application - the  relation  between  the  frequency  of  cytogenetic markers  observed  in  
lymphocytes  in  peripheral  blood and  the  risk  of  malignant  disease. The  advantages and  
disadvantages  of  different  cytogenetinc  thechniques are  discussed. 
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Modern radiation genetics is based on the concept of DNA as essential biological 
substrate  and the most important  target of ionizing radiation. The action of ionizing radiation 
may result in delicate lesions of the hereditary material which can be manifested in the form 
of chromosomal aberrations.  
 Analysis of chromosomal aberrations  in subjects  exposed to low doses and low dose 
rates is one of the most reliable biological indicator of radiation risk (3, 4). They represent a 
response  to the received dose (4, 5, 6). They account  for the individual sensitivity to 
irradiation as well (4, 7). Furthermore, the analysis of chromosomal aberrations is mostly 
qualitative, i.e. it implies presence and the type of chromosomal aberrations.  Most of the 
human radiation exposures are in the range of low doses and low dose rates ionizing radiation,  
when it is important to get inside into the biological response of the organism.    
 Monitoring and analysis of chromosomal aberrations  in human  lymphocyte cells is 
so far, one of the most  reliable approaches to  radiobiological effects estimation. 

Cytogenetic studies are carry out in lymphocytes of peripheral blood of individuals  
exposed to ionizing radiation (occupationall or medicall exposure). Circulating lymphocytes 
accumulate the damage induced in the whole body (7). Whole blood  is sampled by venous 
puncture in a sterile tubes with addition of heparin (1). The cells are cultivated in RPMI 
medium  with addition of 0,1% mitogen – phytohemagglutinin (PHA) that induces 
lymphocyte transformation  into blastoid cells  in wich potent syntetic activity  accompanied 
with  morphological changes  (increase of the cell volume) is initiated. It results in mitotic 
division to provide the largest number of cells in metaphase  when  the chromosomes are most 
convenient for cytogenetic analysis. 2-3 hours  after the cultivation time expires, the cultures 
are supplemented with 0,2 ml of Colcemid  that prevents transit  of cells  from metaphase  



into mitosis by disturbing the nuclear spindle  function.  Micronuclei are scored in 
lymphocytes blocked in their second interphase (2). This is obtained  by the addition of 
CytochalasineB , which modifies , neither  the DNA  replication, nor the  mitosis score, but 
blockes the cytokinesis  step. Their binucleated form in wich  the micronuclei are scored  
using Giemza or fluorescent staining  identifies these cells. 

 The main conceptual basis for  using cytogenetic assays for biological monitoring is 
the fact that  chromosomal aberrations are often a characteristic feature in malignant cell (1).  
Resent reports pointed to the direct  relevance  between increased frequency of chromosomal 
aberrations and malignant transformation (3). In addition,  long term follow up of populations  
screened for chromosomal aberrations  shows a  clearly higher cancer  risk  for the subgroup  
with  an elevated level  of chromosomal damage (3). It has been established that the structural  
chromosomal aberrations  in human lymphocytes are the final outcome of a series of complex 
biochemical proceses  and are probably cytological manifestation of a  failed attempt  of a cell 
to correct  or eliminate the primary   damage of the hereditary material.   

 Microscopically recognizable  chromosomal damage  includes  numerical aberrations 
and structural chromosomal aberrations. Important examples of the later class of damage are 
chromosome and chromatid breaks, asymmetrical exchange: dicentrics  and ring 
chromosomes  (7). Symmetrical translocations can be recognized only after chromosomal 
painting technique chromosomes  (5).  Micronuclei arising  either from  acentric  
chromosome fragments  or from  a lagged  whole chromosome  with centromere 
chromosomes (2). 
 
 Induced chromosomal aberrations  can be divided into two main classes: chrmosome- 
tipe aberrations, involving both chromatids of a chromosome, and  chromatid- type 
aberrations involving only  one of the two chromatids. Ionizing radiation induces 
chromosome- type aberrations in Go or G1 stage of the cell cycle , i.g. prior to replication. 
While,   chromatid- type  aberrations are produced  during the S or G2 stage, i.g during or 
after replication  of the affected chromatid segments.  In peripheral lymphocytes, most of 
which  are in Go  stage of the cell cycle, ionizing radiation induces mainly chromosome- type 
aberrations.  
 The classical chromosome  aberrations assay for measuring dicentrics is a reasonably  
good biological indicator and dosimeter for measuring doses  down to 100 mGy whole body 
exposure (4). However,  it is based on chromosomal  exchange between two chromosomes 
that considerably impares  the survival of indicator cells and their stem cells, so that the signal 
fades  with time.  The mean time life of lymphocytes bearing dicentrics is considered to be 
about three and a half years (7).  

The observation of 50  metaphases is enough to obtain a 95% confidence  interval  of 
1 Gy for a dose estimation.  

Reciprocal or symmetrical translocations are  considered  stable and do not disturb the 
proliferative future of the affected cells (5, 7).  They can be visualized by applying fluorescent 
in situ hybridization (FISH) techniques and they have a higher detection limit, about 500 
mGy. In addition, clonal expansion of cells carring  translocations conferring a grouth 
advantage  may lead to an overestimation of the dose with time.  

The micronuclei scoring in the blood  peripheral lymphocytes  is a method 
increasingly  used to evaluate  DNA damage  induced by ionizing radiartion (2, 4). 
Micronucleus technique is frequently applied  for screening a populations  exposed 
professionally to ionizing radiation. Dose detection limit of the technique is about 500 mGy. 

The observation of 2000  metaphases is enough to obtain a 95% confidence  interval  
of 500 mGy for a dose estimation.  The micronuclei observed  in 2000 binucleated cells 
corresponds to the mean time  needed to observe dicentrics in 50 metaphases, that are enough 



to obtain 1Gy dose estimation. Micronuclei scoring have several advantages  on dicentrics  
for a populations triage.  Nevertheless, the micronucleus test has also some  limitations: 
individual variability, a lack of response  to ionizing radiation  effect at low doses  below  500 
mGy.;  individual radiosensitivity for the formation of micronuclei.    
  Biological dosimetry currently is assessed  by the scoring of the unstable  
chromosome aberrations  ( dicentrics + centric rings)  induced by ionizing radiation in the 
lymphocytes of peripheral blood.  The cells are observed in the stage of the mitosis  the 
aberration frequency is then  brought back to a whole  body equvalent dose.  To ensure this 
biological dosimetry, a calibration curve is established from the chromosome aberrations 
scoring in lymphocytes coming from blood samples in vitro irradiatied with known doses (4).  
 A more reasonable solution  could be  to performed classical micronucleus assay  with 
centromere and/ or telomere  staining  by  fluorescent in situ hybridization . It  was shown  
recently that  by this method, micronuclei of aneugen origin  could be  discriminate of those 
of clastogen origin. Practical aspects of this approach are in progress in our laboratory.  

It should be  pointed out that radiosensitivity/radioresistence, depends on genetic 
conditions. The activity of repair genes as well as other genes participating in  regulation of 
cell cycle  after the radiation exposure  provide a chance for  the reparative ensime system  to 
correct the possible  DNA lesions (7).  
 In the light of the fact that  extreme radiosensitivity and radioresistence may  be 
reliably identified by  micronuclear test, in order to provide  protection for occupationally 
exposed individuals  it would be very important to evaluate  their radiosensitivity  and to 
recommend a jobs with the lowest  radiation related risk to genetically predisposed 
individuals. 
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