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Overview 

 

ƯTo study biological effect of low dose exposure  

ƯTo use high-throughput technologies  

ƯIllustration  
 

 

ĐHighlighting the challenges related to this subject  
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Low doses 

ƯMagnitude 
ÁòIn the past, the UNSCEAR Committee defined low doses, as those of 200 

mSv or less and low dose rates as 0.1 mGy/min or less for low -LET 

radiation. The Committee has now agreed low doses be defined as those 

of 100 mSv or less . This definition is consistent with that used by ICRP 

and the BEIR VII report.ó 

                           UNSCEAR committee 2012 

 

 

ÁVery low doses: level of exposure for medical diagnosis (usually <20 mSv) 

 

 

ĐDefinition  
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Low doses 

ƯPhysics for photons (60Co or 137Cs) 
ü100 mGy 

ĐDefinition  
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü100 mGy: around 20 000 ionisations by cells (10-12 kg, 32 eV by ionisation)  
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü100 mGy: around 20 000 ionisations by cells (10-12 kg, 32 eV by ionisation)  

ü2000 ionisations by nucleus 
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü100 mGy: around 20 000 ionisations by cells (10-12 kg, 32 eV by ionisation)  

ü2000 ionisations by nucleus 

ü2 to 4 double strand breaks  by nucleus 
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü5 mGy 
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü5 mGy: around 1000 ionisations by cells (10-12 kg, 32 eV by ionisation)  

ü100 ionisations by nucleus 

ü0.1 to 0.2 double strand breaks by nucleus 
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü5 mGy: around 1000 ionisations by cells (10-12 kg, 32 eV by ionisation)  

ü100 ionisations by nucleus 

ü1 DSB every 5-10 cells 
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Low doses 

ĐDefinition  

ƯPhysics for photons (60Co or 137Cs) 
ü5 mGy: around 1000 ionisations by cells (10-12 kg, 32 eV by ionisation)  

ü100 ionisations by nucleus 

ü1 DSB every 5-10 cells 
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Decrease of the mean level of cell damages  

+ 

Increase of the heterogeneity of the level of damage across a 

population of cells . 

 

This challenges the methods used to measure the effects:  

Ability to detect a significant event when it occur in 10% or less of the 

cells -> Detection limits  



Low doses 

ĐMeasurement of effects  

ƯProteins related to DNA damages signalling 
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Suzuki K. et al - Cancer Res 2001 



Low doses 

ĐMeasurement of effects  

ƯProteins related to DNA damages signalling 
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Suzuki K. et al - Cancer Res 2001 

It remains difficult to 

measure significant 

modifications of proteins 

related to DNA damage 

below 5O mGy 



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53  
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Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53  
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Amundson S. et al ð Rad Res 1999 

Human Myeloid Leukemia cell  line ML-1 ð cDNA dot blots  



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53 
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Amundson S. et al ð Rad Res 1999 

Measure of modulations from 20 mGy 

No lower  dose tested. 



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53 
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Manning G. et al ð IJRB 2013 

Whole blood ð Multiplex quantitative RT -PCR 



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53  
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Manning G. et al ð IJRB 2013 

Whole blood ð Multiplex quantitative RT -PCR 

Measure of modulations from 20 and 50 mGy 

No significant  modulation below 



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53  
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Nosel I. et al  ð DNA Repair 2013 

Whole blood irradiation ð Analysis of T CD4+ ð Microarrays 

500 

mGy 

 

 

100 

mGy 

 

 

50 

mGy 

 

 

25 

mGy 

 

 

10 

mGy 

 

 

5 

mGy 

 

 

500 

mGy 

 

 

100 

mGy 

 

 

50 

mGy 

 

 

25 

mGy 

 

 

10 

mGy 

 

 

5 

mGy 

 

 



Low doses 

ĐMeasurement of effects  

ƯModulation of expression level of genes related to P53  
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Measure of modulations from 25 mGy 

No significant modulation below  

500 
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Nosel I. et al  ð DNA Repair 2013 



Low doses 

ĐMeasurement of effects  

ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 
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Low doses 

ĐMeasurement of effects  

ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 
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ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  

Low doses 

ĐMeasurement of effects  
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But questions remain 

concerning the 

mechanisms that initiate 

this response.  



ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  

Low doses 

ĐMeasurement of effects  
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But questions remain 

concerning the 

mechanisms that initiate 

this response:  

Å DNA damage in a low 

percentage of cells ? 

 

 



ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  

Low doses 

ĐMeasurement of effects  
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But questions remain 

concerning the 

mechanisms that initiate 

this response:  

Å DNA damage in a low 

percentage of cells ? 

Å ROS ? 

 

 

 



ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  

Low doses 

ĐMeasurement of effects  
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But questions remain 

concerning the 

mechanisms that initiate 

this response:  

Å DNA damage in a low 

percentage of cells ? 

Å ROS ? 

Å Other ?  

 

 

 



Low doses 

ĐMeasurement of effects  
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But questions remain 

concerning the 

mechanisms that initiate 

this response.  

 

Is it possible to 

characterize a molecular 

signature? 

 

 

ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  



Low doses 

ĐMeasurement of effects  
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High-throughput approaches could help !  

But questions remain 

concerning the 

mechanisms that initiate 

this response.  

 

Is it possible to 

characterize a molecular 

signature? 

 

 

ƯWhatõs going on below ? 

Mechanisms not directly related with DNA -repair pathways as the bystander 

effect have been proposed. 

They seem to involve many actors:  
Á membrane receptors for interleukins  

Á growth factors  

Á GAP junctions 

Á MAPK pathways 

Á cyclooxygenase-2 signaling pathway 

Á ROS 

ÁNOé 

 

  



High-throughput approaches 

 

ƯLarge-scale methods to purify, identify, and characterize DNA, 
RNA, proteins and other molecules. 

 

ƯTo acquire comprehensive, integrated understanding of biology 
by studying all biological processes to identify the different 
players involved in a disease or a response to a stimulus.  

 

 

  5th International MELODI Workshop - October 7-10 2013 - Brussels 29/20  29 

ĐDefinition  



ƯExemples 

 

  

High-throughput approaches 
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ĐDefinition  

Proteomics Metabolomics

Two-dimensional gels Cell-based assays of secreted metabolites

Protein microarrays Metabolites from body fluids (ômicrodialysisõ)

Mass spectrometry (Peptide Mass Fingerprinting) Liquid chromatography (LC)-NMR

Chromatography coupled with MS (e.g., LC-MS) Chromatographic approaches (LC, GC, CE) with MS

Stable isotope methods coupled with MS FTMS

Surface-enhanced laser desorption/ionization (SELDI)

Nuclear magnetic resonance (NMR)

Microfluidics and lab-on-a-chip

Adapted from LAY J. et al  ð TrAC 2006 

Genomics Transcriptomics

Comparative genome hybridization (CGH) sRNA interference (RNAi)

Spectral karyotyping (SKY) DNA/Oligo microarray technology (ôgene expression profilingõ)

Microsatellite instability (MSI) Serial analysis of gene expression (SAGE)

Single nucleotide polymorphism (SNP) Massively parallel signature sequencing (MPSS)

Differential display Differentially expressed genes



ƯExemples 

 

  

High-throughput approaches 
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ĐDefinition  

Proteomics Metabolomics

Two-dimensional gels Cell-based assays of secreted metabolites

Protein microarrays Metabolites from body fluids (ômicrodialysisõ)

Mass spectrometry (Peptide Mass Fingerprinting) Liquid chromatography (LC)-NMR

Chromatography coupled with MS (e.g., LC-MS) Chromatographic approaches (LC, GC, CE) with MS

Stable isotope methods coupled with MS FTMS

Surface-enhanced laser desorption/ionization (SELDI)

Nuclear magnetic resonance (NMR)

Microfluidics and lab-on-a-chip

Adapted from LAY J. et al  ð TrAC 2006 

Genomics Transcriptomics

Comparative genome hybridization (CGH) sRNA interference (RNAi)

Spectral karyotyping (SKY) DNA/Oligo microarray technology (ôgene expression profilingõ)

Microsatellite instability (MSI) Serial analysis of gene expression (SAGE)

Single nucleotide polymorphism (SNP) Massively parallel signature sequencing (MPSS)

Differential display Differentially expressed genes



Gene expression profiling 

ƯBrief history  
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ƯBrief history  
 

Á1995-1996: first publications describing the parallelization of gene expression 

measurements (Schena et al , Science 1995 et Schena et al , PNAS 1996). 
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Gene expression profiling 



ƯBrief history  
 

Á1995-1996: first publications describing the parallelization of gene expression 

measurements (Schena et al , Science 1995 et Schena et al , PNAS 1996). 

Á1999: first publication suggesting the use of this technology for the study of response to 

irradiation ( Amundson S.A. et al , Oncogene 1999). 
 

  

5th International MELODI Workshop - October 7-10 2013 - Brussels 34/20  34 

Gene expression profiling 



ƯBrief history  
 

Á1995-1996: first publications describing the parallelization of gene expression 

measurements (Schena et al , Science 1995 et Schena et al , PNAS 1996). 

Á1999: first publication suggesting the use of this technology for the study of response to 

irradiation ( Amundson S.A. et al , Oncogene 1999). 

Á2003: publication analysing the altered transcript profiles of mouse brain exposed to 100 

mGy in vivo  gamma-irradiation (Yin E. et al , IJRB, 2003). 
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Gene expression profiling 



ƯBrief history  
 

Á1995-1996: first publications describing the parallelization of gene expression 

measurements (Schena et al , Science 1995 et Schena et al , PNAS 1996). 

Á1999: first publication suggesting the use of this technology for the study of response to 

irradiation ( Amundson S.A. et al , Oncogene 1999). 

Á2003: publication analysing the altered transcript profiles of mouse brain exposed to 100 

mGy in vivo  gamma-irradiation (Yin E. et al , IJRB, 2003). 

ÁSince then, the list of studies goes on : 
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Coleman M. et al, Rad Res 2005 

Ding L. et al, Rad Res 2005 

Franco N. et al, Rad Res 2005 

Gruel G. et al, Rad Res 2006 

Albanese J. et al, Exp Hematol 2007 

Berglund SR. et al, IJROBP 2008 

Gruel G. et al, Rad Res 2008 

Fachin AL. et al, J Radiat Res 2009 

Morandi E. et al, Rad Res 2009 

Warters R. et al, Rad Res 2009 

Wyrobek AJ. et al, Mut Res 2011 

Albrecht H. et al, Rad Res 2012 

Knops K. et al, Rad Res 2012 

Ray M. et al, BMC Genomics 2012 

Manning G. et al, IJRB 2013 

Nosel I. et al, DNA Repair 2013 

El-Saghire H. et al, IJRB 2013... 

Gene expression profiling 



ƯIssues 
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Gene expression profiling 



ƯIssues 
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Taking a homogeneous population of 40 

individuals 

Gene expression profiling 



ƯIssues 
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Then, we separate them into two groups.  

Group 2 Group 1 

Gene expression profiling 



ƯIssues 
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We then measure 4 anthropometric 

parameters:  size, weight, length of the left 

arm, head circumference. 

Group 2 Group 1 

Gene expression profiling 



ƯIssues 
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We then measure 4 anthropometric 

parameters:  size, weight, length of the left 

arm, head circumference. 

Group 2 Group 1 

No significant 

difference between 

the 2 groups 

Gene expression profiling 



ƯIssues 
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Now if we measure the length and width of 207 bones: 

-> 414  parameters measured on each individual  

Group 2 Group 1 

Gene expression profiling 




