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MEASURING CHROMOSOMAL ENDS OF X-IRRADIATED EMBRYOS
 

 
 
Background 
In human reproduction, the first two weeks of pregnancy cannot be detected by existing hormonal tests. 
Therefore, irradiation for medical purposes during this period poses a risk of damaging DNA within the cells 
of the newly formed embryo and could lead to malformations. p53 is a protein playing a pivotal role in DNA 
repair, aging and apoptosis (or programmed cell death). In our laboratory, we have previously shown the 
importance of this protein for normal embryonic development. Indeed, mouse foetuses deficient for the p53 
protein were more prompted at developing malformations (exencephaly, gastroschisis, polydactyly, cleft 
palate) if they were irradiated at day 8 post conception (Baatout et al, 2002). The chromosome ends (also 
called telomeres) are known to be causal determinants for biological aging but are also involved in 
embryonic development (Bekaert et al, 2004). Since only little information is available on telomere biology 
early in development, we are interested in studying the telomere biology in normal and abnormal mouse 
foetuses within each p53 genotype (+/+, +/- and -/-). 
 
Objectives  
Our ultimate goal is to find some reliable biological markers (telomeres, proteins, gene modulation, ...) that 
could help in understanding the molecular pathways underlying radiation-induced malformations. In this 
perspective, we first addressed the question of telomere length changes in the normal versus abnormal X-
irradiated foetuses. 
 
Principal results  
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Mouse chromosomes observed under a confocal microscope. 
Our goal is to find biological markers of radiation- induced 
malformation in the mouse foetuses. One of these markers could be 
"telomere shortening". Telomeres (depicted in green) are 
nucleoprotein structures located at the end of the chromosomes 
(depicted in red). The telomeric structures prevent the chromosomal 
ends from degradation and fusion and are essential for maintaining 
the integrity and the stability of eukaryotic genomes.   
 
 
 
 
 
 
 
 
 
 
 

 

 

Cellular consequences of telomere dysfunction
(Kim et al,oncogene, 2002)

 

Cellular consequences of telomere dysfunction. The 
telomeric structure (t-loop) can be disrupted either indirectly by 
telomere shortening or directly by damage. The cells with intact 
p53 and RB (retinoblastoma) checkpoints respond to telomere 
dysfunction by undergoing senescence which may contribute 
to aging. If only the p53 checkpoint is intact, the cells undergo 
a p53-mediated cell death. If neither the p53 nor pRB pathway 
is intact, cells may survive with genomic rearrangements and 
instability, which can lead to cancer. 
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Southern blot  hybridized with telomeric 
probe. Genomic DNA was extracted from  soft 
tissues of mouse foetuses differing in 
phenotype and p53 genotype. After DNA 
digestion and fragmentation in a field inversion 
gel electrophoresis, blots were analyzed via an 
image analyzer and the mean telomere 
restriction fragments (TRF) were determined.  
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Mouse females were X-irradiated at gestational day 8 of pregnancy. At day 19, the fetuses were removed by 
caesarean and screened under the stereomicroscope for the presence of external malformations. Highly 
pure DNA was extracted from the foetal soft tissues, than digested and fragmented by field inversion gel 
electrophoresis. After  southern blotting and hybridization, blots were analyzed via an image analyzer and 
the mean telomere restriction fragments (TRF) were determined. No difference in the mean TRF between 
male and female foetuses was observed. However, when comparing the mean TRF in the foetuses with 
different p53 status, significantly shortened telomeres were observed within the group of double mutants for 
the p53 protein (p53-/-). When this latter genotype is associated to a malformed phenotype the mean TRF 
length is even further reduced. The foetuses showing a normal phenotype have longer telomeres than the 
ones harboring a malformed phenotype. 

Mouse females were X-irradiated at gestational day 8 of pregnancy. At day 19, the fetuses were removed by 
caesarean and screened under the stereomicroscope for the presence of external malformations. Highly 
pure DNA was extracted from the foetal soft tissues, than digested and fragmented by field inversion gel 
electrophoresis. After  southern blotting and hybridization, blots were analyzed via an image analyzer and 
the mean telomere restriction fragments (TRF) were determined. No difference in the mean TRF between 
male and female foetuses was observed. However, when comparing the mean TRF in the foetuses with 
different p53 status, significantly shortened telomeres were observed within the group of double mutants for 
the p53 protein (p53-/-). When this latter genotype is associated to a malformed phenotype the mean TRF 
length is even further reduced. The foetuses showing a normal phenotype have longer telomeres than the 
ones harboring a malformed phenotype. 
  

Telomere 
length 

G2 
S 

G 1 

G2 

G 1 
S 

Mouse fibroblasts

K-562 cell line

Propidium iodide 
(DNA content) 

Flow-FISH technique for telomere length 
estimation . This method is  a combination of flow 

cytometry and fluorescence in situ hybridization. The 
K-562 cell line is used as an internal control. 
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Future developments  Future developments  
The first data on telomere biology show a direct 
link between telomeres and malformations. It is 
of importance to corroborate the results obtaine
with TRF analysis using another well known 
method: flow cytometry associated with 
fluorescence in situ hybridization (Flow-FISH), 
already optimized on cell lines (Derradji et al, 
2005). Future experiments will be directed 
towards the investigation of telomerase activity, 
gene expression (using a real time quantitative 
PCR) and whole protein profile (using a 
bidimensional electrophoresis) in the normal 
versus abnormal X-irradiated fetuses. 
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This contribution is based on the doctoral work of Hanane Derradji (hanane.derradji@sckcen.be) in 
collaboration with the University of Gent (promoter : Prof. P. Van Oostveldt; co-promoters : Drs Sofie Bekaert 
and S. Baatout).  
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