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IONS OF HIGH-LET IN SPACE

Ions are ~1% of the radiations but

can represent up to 50% of the

total dose

Increased risk of biological damage

for long-term flights (Mars > 1% cells

hit)

• Particles trapped in Earth magnetic fields : Van Allen belts (electrons, 

protons = H 600 MeV, few ions)

• Solar radiation : neutrons, g, protons, a particles and ions (E -> 1 GeV)

• Cosmic and galactic rays : 2% electrons and positrons

98% particles : - 87% protons

- 12% alphas

- 1% heavier ions



SPACE RADIOBIOLOGY : HOT TOPIC
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STUDY OF BIOLOGICAL EFFECTS OF HEAVY IONS 

FOR SPACE RADIOPROTECTION

• For most of biological effects studied, the Relative Biological
Efficiency (RBE) of ions is > 1 (2 à 6),  with the fluence and
the LET, max between 100-300 keV/µm then 

• High-LET ions highly contribute to radiation space exposure:
evaluate and understand the effects induced at various levels:

• Physical and physico-chemical: initial effects
• Molecular and cellular responses
• Tissular response

• Identifying specific lesions ( from photons) and the molecular
mechanisms involved in their genesis and repair

• Evaluate the long term response of cells/tissues
exposed to ions: link to the carcinogenic risks following
exposure to high-LET particles

Single traversal

Low dose at 

tissue level



ESA ROADMAP FOR SPACE RADIATION RESEARCH



ESA PRIORITIES

 To provide quantitative estimates of the dose- and dose-rate 

dependence of the risk for radiation-induced acute and late 

morbidity, including cancer and noncancer effects 

 To identify, develop and validate early biomarkers of risk for 

ensuing radiation-induced health detriment 

 To identify, develop and validate biomedical and physical 

countermeasures, including the potential impact of individual 

susceptibility.
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flight cells scored cells with dicentrics centric rings excess acentrics range of breaks 

aberrations rings, minutes per abnormal cell

 F1 after 2 weeks 657 1 0 1 0 2

 F2 after 3 weeks 1000 5 2 1 2 1->2

 R1 after 6 months 930 12 4 3 8 1->4

 R2* after 6 months 1020 11 5 2 4 1->2

 before 1001 14 5 2 7 1->2

 R3*

after 6 months 1000 25 20 5 11 1->10

 R4 after 6 months 982 7 3 1 3 1->2

R5* after 6 months 685 11 9 3 17 1->20

"CONTROLS" 60 000 3 1 0,05 2 1->2

Lloyd et al, 1992

(age : 30 years) in 1000 cells

Testard et al, IJRB, 1996

R1, R2, R4 30-40 mGy
R5 : 90 mGy

R3 200-300 mGy

Few cells are damaged, 
Some have a very high level

of damages

HIGHLY DAMAGED CELLS in COSMONAUTS LYMPHOCYTES



ONBOARD TISSUE-EQUIVALENT DETECTORS

Absorbed dose : 0,5 mGy/day

 equivalent dose : 1 mSv/day

Fluence : 2,4 . 104 particles/cm2/day

 for 6 months : 1 particle/nucleus (25 µm2)

Mainly protons, for 6 months:

ions > 10 keV/µm 12 per 1000 cells
ions > 50 keV/µm 0.5 per 1000 cells

Increased risk of biological damage for long-term flights
(Mars > 1% cells hit)



Sabatier et al, 1987, Mut Res

Testard et al, IJRB, 1997
complex rearrangement

ring peri. inv para.invinter. delter. del

2

2
9

2 4

7 11

dicentric reciprocal translocation

Sabatier et al, 1987, Mut Res

Sabatier et al, Nature. 1992;357:548.

Martins et al, Mutat Res. 1993;285(2):229-37.

Martins et al, Mut Res 1994

Sabatier et al, IJRB. 1994. 66(5):611-3

Testard et al, IJRB, 1997

COMPLEX CHROMOSOME ABERRATIONS
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 Heavy chromosome damage
induced by ion irradiation
several breaks involved

increases with ions fluence and LET

Crea induced by a single ion (LET 

55 keV/µm)

Low fluence < 1 ion/nucleus

Sabatier et al, 1987, Mut Res

Testard et al, IJRB, 1997

COMPLEX CHROMOSOME ABERRATIONS 
INDUCED BY SINGLE TRAVERSAL OF HIGH LET ION



dic

t(1;3)

dic (3;13)

t(4;9)

dic (9;15)

dic (9;19)

t(22;16)

dic

dic

dic ac

ac

ac

ac

ac Centromer
eTelomer
eIR-induced DSBs

++

2 DSBs

Dicentri
c

2 ac 
with 

2 telo

2 o
r

1 ac 
with 

4 telo

2 DSBs

Centric 
ring

+

2 ac 
with 

2 telo

2 o
r

1 ac 
with 

4 telo

+
1 DSBs

Excess ac 
with 

2 telo

+
2 DSBs

Excess ac with 
0 telo

+
Translocatio

n

Reciprocal 
Translocation

+
4 DSBs

Translocation 
with 3 chromosomes

++
2 DSBs

Dicentri
c

Fused 
ac

o
r

Unfuse
d ac

+

+ +
Unfuse

d ac

+ +
Unfuse

d ac

+

2,2 6,5
0

1

2

3

4

5

6

7

8

Gamma 2Gy Carbon 2Gy

D
SB

/C
el

l

TC-FISH

3x

3,3 9,8
0

2

4

6

8

10

12

14

Gamma 2Gy Carbon 2Gy

D
SB

/C
el

l

M-FISH

3x

4 donors (Donors A, C, L, R)

Mkacher et al, Mut Res, 2014

Shim G et al. Front in Oncology 2016.

TC-FISH and M-FISH : two alternative approaches for 

scoring chromosomal damage => same RDE



• No correlations between radiosensitivity to carbon ions and γ-rays at the dose of 2 
Gy (R2 = 0.16)

• These results indicate that donors are not equally sensitive to different types of IR

• Type of damages? Repair process?
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Comparison of individual radiosensitivity

to γ-rays and carbon ions



TRANSMISSION OF RADIATION-INDUCED DAMAGES
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CELL DEATH

DNA  STRAND BREAKS 
DOUBLE 
SINGLE 

 
CHROMOSOMAL DAMAGES 

 
MUTATIONS

CELL 
TRANSFORMATION 
 
TUMOUR

?
IRRADIATION

RADIATION-INDUCED   
CHROMOSOMAL 

INSTABILITY

g / heavy ions

Cancer cells :

clonal evolution from a single cell

chromosome imbalances

chromosome rearrangements
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EpiRadBio Final contractors meeting - 24.03.2015 │ SP1 - WP1.1 - Dr. Laure Sabatier  

Shim et al, 
Mut Res, 
2014



2
2

Shim et al, Mut Res, 2014



EURATOM / RADIOPROTECTION => INTEGRATION

FP6 FP7 H2020

2006   - 2007   - 2008   - 2009   - 2010   - 2011   - 2012   - 2013   - 2014   - 2015   - 2016   - 2017

2009
HLEG report

Risc-Rad



EURATOM / RADIOPROTECTION => INTEGRATION

FP6 FP7 H2020

2006   - 2007   - 2008   - 2009   - 2010   - 2011   - 2012   - 2013   - 2014   - 2015   - 2016   - 2017

2009
HLEG report

 2010 : MELODI

ALLIANCE

 2010 : ALLIANCE
 2009 : 

NERIS

« Low doses »

*SRA : Strategic Research Agenda

« Radioecology »

« emergency 
situations » »

Risc-Rad

2008 :

« Dosimetry » »

Associations of research 
institutes 
Major aim is to publish 
Research Agendas and to 
propose Priorities lists 
NO FUNDS

|  PAGE 24

http://www.melodi-online.eu/
http://www.melodi-online.eu/


EC  FP6 TO H2020 => INTEGRATION

Document not legally binding



INTEGRATION APPROACHES AT EUROPEAN LEVEL

FP7 H2020

2015   - 2016   - 2017   - 2018   - 2019

2013   - 2014   - 2015   - 2016   - 2017

4 M€ + 1,5 M€

2010   - 2011   - 2012   - 2013   - 2014    - 2015

5,6 M€ + 0,1 M€LABORATORIES LEVEL

INSTITUTIONS LEVEL

NATIONS LEVEL



EJP

HORIZON 2020

European Joint Programme

• A new H2020 instrument
• In pilot phase in EURATOM 

WP2014-2015.

• Wide variety of activities
• Internal implementation.
• Possibility of multiple calls for 

cascading grants.

• Up to 70% reimbursement rate
• To be fixed in the Work 

Programme

• 5 years/5 reporting periods
• Annual programming and 

reporting cycle.

The European Joint Programme (EJP)
under Horizon 2020 is a co-fund
action designed to support
coordinated national research and
innovation programmes.

The EJP aims at attracting and
pooling a critical mass of national
resources on objectives and
challenges of Horizon 2020 and at
achieving significant economies of
scales by adding related Horizon
2020 resources to a joint effort.

European Joint Programme 

(EJP)

EuroFusion

CONCERT

HBM4EU 2016

Onehealth 2017



 European Joint Program: 
2015 - 2020

EURATOM / RADIOPROTECTION => INTEGRATION

FP7 H2020

2010    - 2011   - 2012   - 2013   - 2014  - 2015  - 2016   - 2017    - 2018    - 2019    - 2020   -

 Network of excellence : 
2010 - 2015

 Preparatory
actions: 

2011 - 2014

 Network 
 of excellence : 

2011 - 2015

 Preparatory
actions : 

2013 - 2016

 Preparatory actions : 
2013 - 2016

Projects selected and 
funded by Euratom 
Research, Coordination, 
call for proposals, 
FUNDING
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« Low doses »

« SSH»

« Radioecology »

« emergency 
situations » »

« Dosimetry » »

« Medical Use» »

http://resy5.fzk.de/NERIS-TP/index.php
http://resy5.fzk.de/NERIS-TP/index.php


MELODI :STRATEGIC RESEARCH AGENDA
 2016

http://www.melodi-online.eu/
http://www.melodi-online.eu/


EURATOM / RADIOPROTECTION => INTEGRATION
 2010 : MELODI
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WG SRA

WG Infrastructures

WG Education & Training

http://www.melodi-online.eu/
http://www.melodi-online.eu/


EURATOM / RADIOPROTECTION => INTEGRATION

ALLIANCE

 2010 : ALLIANCE

|  PAGE 31

Two priorities with impact expected mainly in terms of reduced uncertainty in exposure and dose

assessment and increased human and wildlife radiation protection:

Environmental availability and impact of radionuclides in terrestrial and freshwater ecosystems

(including human food chain) and their interactions with atmosphere, incorporating physical,

chemical and/or biological processes. Validated process-based model parameterisation,

characterisation of variability and uncertainty, and guidance for fit-for-purpose models (ranked

as priority 1)

Development of models/tools, and datasets for their calibration and validation and guidance to

select and evaluate the effectiveness of different remediation strategies in long-lasting exposure

situations (e.g. nuclear accidents and/or NORM/TeNORM) (ranked as priority 3)

Two priorities with impact expected mainly in terms of reduced uncertainty in effect assessment

and increased wildlife radiation protection:

Biomarkers of exposure and effects to living organisms as operational outcomes of a mechanistic

understanding of intra- and inter-species variation of radiosensitivity to chronic low dose

exposure situations (ranked as priority 2)

Multiple stressors and modulation of radiation effects in living organisms (ranked as priority

4).

The ALLIANCE encourages where relevant openness to other disciplines to integrate their skills and

knowledge into radioecology, and capitalisation of best practices, tools and data in the various fields of

research needed. Additionally, research combining “lab-field-modelling” approach and fit-for-purpose

applications will be appreciated.



EURATOM / RADIOPROTECTION => INTEGRATION

2008 :

|  PAGE 32

1. To quantify correlations between track structure and radiation damage 

2. To improve neutron dosimetry techniques

3. To quantify doses after accidental internal contamination

4. To develop accurate and on-line personal dosimetry for workers

5. To improve the measurement and combination of out-of-field radiotherapy

and imaging doses in photon and particle radiotherapy, for input to

epidemiological studies

6. To improve dosimetry in modern external beam radiotherapy



EURATOM / RADIOPROTECTION => INTEGRATION  2009 : 

NERIS
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1. Assessment of and communication of uncertainties.

2. Robust decision--‐making.

3. Countermeasure strategy preparedness.

4. Atmospheric dispersion modelling.

5. Local radio--‐ecological models.

6. Monitoring strategies.



EURATOM / RADIOPROTECTION => INTEGRATION  2017

 EURAMED
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1. Measurement and quantification in the field of medical applications 

of ionising radiation

2. Normal tissue reactions, radiation-induced morbidity and long term

health problems.

3. Optimisation of radiation exposure and harmonisation of practices

4. Justification of the use of ionising radiation in medical practice

5. Infrastructures for quality assurance



EURATOM / RADIOPROTECTION => INTEGRATION  2017

 SSH

|  PAGE 35



 WP1: Project coordination & management, BFS (Allemagne) 

 WP2: Integration and SRA development in radiation protection research STUK (Finlande)

 WP3: Joint R&D programming SCK-CN (Belgique) 

 WP4: Open R&D call preparation, ANR (France)

 WP5: Stakeholder involvement & communication in RP research, PHE (UK) 

 WP6: Access to Infrastructures, CEA (France)

 WP7: Education and Training , Uni Pavia (Italie)

EJP CONCERT  

• Co-funding action
• Joint programming

UMBRELLA STRUCTURE FOR

RADIATION PROTECTION

RESEARCH IN EUROPE

(2015 – 2019)

• Open research calls
• Integrative activities

 WP 2015.

 54 partners 32 Project 
managers (POM). POM



EJP CONCERT  :  FINANCES

EJP-CONCERT Founding Scheme

• 60% for two CONCERT open research calls

 First call (3,5 years projects). 10,4 M€ (7,3 M€ EC).

 Second call (2,5 years projects). 6,8 M€ (4,7 M€ EC).

• 30% for CONCERT integrative activities (joint programming, stakeholder 

engagement, access to research infrastructure, E&T etc.)
• Education and Training: Annual Calls (short courses 1-3 weeks)

• 2.3 Mill. € (EC share: 1.6 Mill. €)
• Access to infrastructure

• 1.1 Mill. € (EC share: 0.7 Mill. €)

• 10% for administration and management.

CONCERT budget

• Total EJP-CONCERT funding = 27.5 Mill. € (in 5 years)

• EC funding = max. 19.8 Mill. € (70 %)

• Co-funding  = 8.000.000 € (30%) In kind and/or cash



EJP CONCERT  : 1ST CALL PRIORITIES (



EJP CONCERT  : 2 nd CALL PRIORITIES

Topic 1 Understanding human health effects from ionising radiation and improving

dosimetry

Sub-topics:

I. Improvement of health risk assessment associated with low dose/dose rate radiation

II. Improvement of occupational dosimetry

III. Patient-tailored diagnosis and treatment: full exploitation and improvement of technology

and techniques with clinical and dose structured reporting

Topic 2 Radioecology, emergency and social sciences and humanities

Sub-topics:

I. Biomarkers of exposure and effects in living organisms, as operational outcomes of a
mechanistic understanding of intra- and inter-species variation of radiosensitivity under

chronic low dose exposure situations

II. Countermeasure strategies preparedness for emergency and recovery situations

III. Models, tools and rationales for stakeholder engagement and informed decisionmaking in
radiation protection research, policy and practice for situations involving exposures to

ionising radiations.



RADIOBIOLOGY PRIORITIES

Medical

use

Radiation protection

Public
Occupational

Earth Space

Shared priorities



CHALLENGES / SPACE RADIOBIOLOGY
Area Topic Subtopics Practical impact in space European 

competence

Cancer risk Molecular mechanisms of carcinogenesis by 

charged particles

DNA repair

Genomic instability

Epigenetic changes

Non-targeted effects

High impact for risk 

assessment. Low impact for 

mission criticality

Concentrates on low 

dose low LET

Innovative experimental models for cancer risk 

assessment at low doses and low dose rates

1. Animal and tissue models

2. 3D cultures

3. Specific models for leukaemia and breast, thyroid, colon, and 

lung cancers

High if accompanied by 

appropriate modeling to 

translate in accurate risk 

coefficients

Good

Individual susceptibility and biomarkers of risk 1. Genes or proteins responsible for radiosensitivity

2. New methods in biodosimetry

Potentially high for prevention 

and intervention

Good

Noncancer risk Accelerated aging induced by energetic charged 

particles

1. In vitro senescence mechanisms

2. Development of animal models

3. Extrapolation to risk of cardiovascular diseases

High impact for risk 

assessment. Low impact for 

mission criticality

Good

CNS damage Behavioral endpoints

Molecular studies

High for a go/no-go decision Good

Acute effects Risk of radiation sickness induced by very intense 

SPE 

1. Simulations of SPE

2. Prodromal syndrome for protons at low dose rate

Very high for mission 

criticality

Excellent from 

radiotherapy

Hereditary risk Risk of transgenerational genetic alterations 

induced by cosmic radiation

1. RBE of heavy ions for the induction of hereditary damage

2. Combined effects of radiation and other stressors on reproduction 

in space

Especially relevant for future 

human colonization of space. 

Impact on pregnancy 

planning of astronauts

Excellent

Combined effects Interaction between space environment and 

radiation

1. Bioreactors to simulate ìg on ground

2. Effect of stress on radiation response (adaptation, sensitization?)

3. Radiation and stressors on planetary surfaces

Potentially high for 

prevention/ intervention if 

protection or enhancement is 

proven 

Excellent  in stress 

response and flight 

experiments 

Mixed radiation fields 1. Simultaneous high-/low-LET radiation exposures

2. Effect of pre-exposure to low dose rate protons on response to 

single heavy ions

3. Biophysical modeling of mixed radiation fields

Potentially high if adaptive 

response or synergism is 

proven

Excellent 

Counter measures Shielding 1. Nuclear fragmentation

2. Material testing

3. Biological effects and shielding

Very high for the spacecraft 

and habitat modules design

Good

Radioprotectors 1. Drugs to prevent acute radiation sickness 

2. New molecules to decrease late morbidity

High to mitigate SPE risk Good from radiotherapy

Dietary supplements 1. Antioxidants as radioprotectors

2. Tests with heavy ions, low dose rates, and different endpoints

High for prevention Good



GROUND-BASED STUDIES => INFRASTRUCTURES

Ions are ~1% of the radiations but

can represent up to 50% of the

total dose

Increased risk of biological damage

for long-term flights (Mars > 1% cells

hit)

• Particles trapped in Earth magnetic fields : Van Allen belts (electrons, 

protons = H 600 MeV, few ions)

• Solar radiation : neutrons, g, protons, a particles and ions (E -> 1 GeV)

• Cosmic and galactic rays : 2% electrons and positrons

98% particles : - 87% protons

- 12% alphas

- 1% heavier ions



GROUND-BASED STUDIES => INFRASTRUCTURES



DoReMi

CONCERT

OPERRA

Integrative
access

low dose

collaboration
non-radiobio

2010 2012 2014 2016 2018 2020

Post – CONCERT (?)

Information gathering

Filling the gaps

Restrictive approach
recommended RI RI Open approach

recommended criteria

Development of policies and funding
strategies to improve access to RI

Passive communication 
on RI (website)

Active communication 
on RI (bulletin)

Searchable database on RI

QA and QM for RI/ Radiation Protection

Archives, data sharing
and retrospective studies

Education and Training for RI

Harmonization and calibration



CONCERT-WP6

• Exposure platforms

• Databases, sample bank

and cohorts

• Analytical platforms

models and tools



AIR² BulletinImprove visibility

40 issues

120 Infrastructures

Web handbook







Database : portal towards infrastructures



Database : portal towards infrastructures

List of all the 
infrastructures
(common criteria)

All the 
infrastructures 

on 1 map

Search an infrastructure
Infrastructures of the 

subcategory
all the criteria : commons + 

specifics



ANALYTICAL PLATFORMS 

BIOMARKERS : INTERCOMPARISON

Gamma H2AX Foci

Gene expression assay

Dicentric Assay

Fluorescence in situ hybridisation (FISH-Assay)

Micronucleus assay

Premature Chromosome Condensation (PCC)

IJRB2017

Next ?

Intercomparison
biological effect

low dose/low dose 
rate exposure

platforms



ESA ANNOUNCEMENT
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CEA | 10 AVRIL 2012

Thanks for your attention


