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Why? 

As an integrated defense system, the immune system will 
attempt to counteract the deleterious effects of radiation, 
mend the insults and restore homeostasis and function of 
the exposed tissues 
 Role of the immune system in the response 
 
As an integral part of the body, the immune system will be 
exposed to the effects of radiation, and the homeostasis 
and/or functions of its different components can be altered 
 Effects of radiation on immune functions 
 

 



All immune cells are generated from HSC 

Dranoff, Nature Reviews Cancer, 2004 

What? 

Innate 
Immunity 

Adaptive 
Immunity 



Nobel prize attributed B. Beutler, J. Hoffman, R. Steinman 
The immune system is a continuum 

Innate and adaptive immunity work together to protect the organism. 



Sensing the danger: Pattern Recognition Receptors 

Toll-Like Receptors (TLRs) 
recognize Pathogen 
Associated Molecular 
patterns (PAMPs). 
 
TLR activation initiates and 
inflammatory reaction to 
remove threat and restore 
tissue homeostasis and 
function. 



Inflammation is a dynamic process 
 
 

 

Initiation, development and termination of an 
infectious inflammatory reaction after 

sensing PAMPs 
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Tissue resident innate immune cells act as sentinel to sense 
tissue damage and alert the body 

  Tissue specific to Systemic response 
Murray and Wynn, 2011 



Danger-Associated Molecular Patterns (DAMPs) released by 
damages cells may elicit a sterile inflammatory reaction 

 
 

 

Adapted from Chen and Nunez, 2010 
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A variety of DAMPs/DAMPs forms 
• HMGB1, HMGN1,  
• IL-1α, IL-33 
• DNA, Nucleotides 
• Heat shock proteins…. 
 

Promiscuity of receptor/ligand interactions 
One receptor, several ligands, both exogenous 
and endogenous 
 Several functions for one molecule 
(idem TLR2, TLR2…) 

Different myeloid cells express different complement of receptors  



Nathan and Ding, Cell, 2010 

Inflammation is a beneficial process 
Persistent inflammation can lead/participate to 

disease 

How does radiation-induced inflammation 
develops? 

How is it controled? 



Each lymphocyte express a unique 
antigenic receptor receptor 



V(D)J recombination: T cell receptor genes 
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V(D)J recombination: mechanism 
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Diversity: 
Choice of genes 
End processing 
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The theoritical αβTCR: more than 1014 different possibilities 

Can radiation exposure affect the 
pre-selection TCR repertoire? 
- Epigenetics 
- Joining 
- illegitimate rearrangements 



Attaf, M. et al, CEI, 2015 

Can radiation exposure affect lymphocyte homeostasis by modifying T 
lymphocyte reactivity and  the antigenic environment  

(new antigens, incl. superantigens)?  



Kusunoki and Hayashi, IJRB, 2008 

Influence on functions? 
Long lasting alterations of the immune system in A-bomb survivors 

Interactions with the environment 



Lee et al, Cell, 2004 

RAG-1/RAG-2 protect the cell from genetic instability 

Can radiation exposure perturb the system and  
increase genetic instability in lymphocytes? 



The other way around 
Influence of the immunological status on the outcome of 

the response to radiation 
« Non-specific » activation of the immune system protects from  

deleterious radiation effects 

 
 

Journal of Immunology, 1986 

1 injection of recombinant IL-1 20 days before WB irradiation at 9.5 Gy 
(LD100/17) protects mice from death 

 



What is being done in DoReMi (1) 
• ModInIR – Modulation of Inflammation by low 

and moderate dose Ionising Radiation. 
(UKER, GUF, UROS): 
– Cancer and non cancer diseases (Task 5.2 and 

7.6)  
– Studies on macrophages (human and murine), 

endothelial cells, without or with inflammatory 
stimulus –TNFa) 

– Role on inflammation, oxidative stress 
 



Non linearity of radiation effects on macrophages and 
endothelial cells 

Not all macrophages functions are affected (phagocytosis…): 
 dissociation of functions 



What is being done in DoReMi (2) 
• CyRAID – Cytokines in Radiation induced 

inflammation and DNA repair (CEA): 
– Bystander effects: influence of factors produced 

by irradiated keratinocytes on macrophages 
differenciation and function  



What is being done in DoReMi (3) 
• MIRACLe – Molecular Indicators of RAdiation 

exposure from Circulating Lymphocytes. 
(PHE, CEA): 
– Analysis of TCR repertoires following accute low 

and intermadiate dose exposure 
– Search for illegitimate transrearrangements 

following accute and chronic low and 
intermediate dose exposure (OSTINATO) 
 

 
 
 



Effects of acute low dose radiation on the T cell receptor repertoire in vivo 

J. Polanska, J. Kotas (SUT) 



What is being done in DoReMi (4) 
• Exploratory workshop “Low dose radiation effects 

on the immune system: current knowledge and future 
research needs ”,  Budapest, Nov 5-7 2013 (NRIRR, 
UKER, CEA) 
– Still in the data gathering phase; too early to 

recommend a model 
– Importance of the immune status; investigate 

cancer and non-cancer diseases in patients with 
immune alterations? 

– Lessons could be learned from tumour patients 
and immunotherapy of tumours 

 



Immunology in DoReMi publications 
• 26 publications mainly in task 5.2/7.6 
• 1 publication in task 5.6 
• System biology/endothelial cells in task 7.3 
• « DoReMi-related » publications 

– SCK-CEN: transcriptional response of whole blood 
and isolated monocytes following ex-vivo or in vivo 
exposure 

– IRSN: effects of in vivo contamination (Cs-137, Sr-90) 
– CEA: p53-dependent radiation induced thymocyte 

apoptosis 
– Pavia: modelisation of Nf-KB activation/cytokine 

release 



Low vs high dose: 
– Non-linear, discontinuous response 
– Anti vs pro-inflammatory 
– Inflammation vs p53-dependent response and DNA 

repair 
 

p53 control of TLR gene expression 
p53/NF-kB in lineage specific induction of cytokine gene 
expression 
ATM and NF-kB in induction of cytokine gene 
expression 

Food for thoughts 



9 key questions 
• 1. What is the dependence on energy deposition? 

 IRSN papers suggest low effects of internal contamination on immune system functions 
• 2. What is the dependence on dose rate 

 ?  
• 3. What are the tissue sensitivities? 

 Important: differences in response to radiation according to lineage, maturation stage 
• 4. What is the modification of risk by genetic and epigenetic factors and gender?  

 Important: numerous examples of polymorphisms affecting immune system functions 
• 5. What is the effect of age on risk? 

 Important: “inflammaging” - age modifies the immune system homeostasis and functions 
• 6. What is the effect of lifestyle and/or other exposures on risk? 

 Important: exhaustion of the immune system lowers the defenses 
• 7. What is the effect of physiological state? 

 Idem above  
• 8. Is there a hereditary component in risk? 

 See genetic factors 
• 9. What is the role of non-targeted effects in health risk? 

 Important: chronic inflammation is associated with chronic diseases 



Questions (1) 
• Activation/inhibition of the immune system in 

response to radiation exposure 
– Which cells? 
– What effects? 
– How is it controled? 

• Effects of radiation exposure on the immune system 
– Alteration of immunity to infectious agents? 
– Alteration of inflammation status? 
– Alterations in tumor immunosurveillance? 

• Is there a threshold both for activation of and 
effects on the immune system? 

• Does the immune system plays a role in distal/non-
targeted/abscopal effects of radiation? 
 
 



To be kept in mind 
• Diversity, plasticity and homeostasis of the 

cellular components of the immune system 
• Dynamic evolution of the immune response 
• Infectious vs sterile inflammation 
• Tumor immunosurveillance 
• Inflammation-dependent carcinogenesis 
• Interactions between inflammation and 

radiation response 
• Long term effects 

 



Thank you for your attention 
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