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[Risk of cerebrovascular disease incidence in the cohort of Mayak production 

association workers first employed during 1948-1958]. [Article in Russian] 

Moseeva MB, Azizova TV, Muirhed CR, Grigor'eva ES, Vlasenko EV, Sumina MV, O'Hagan 

JA, Zang W, Haylock RG, Hunter N. 

 12210 workers first employed at one of the main plants (reactors, 
radiochemical or plutonium) of the Mayak nuclear facility during 1948-1958 
and followed up to the end of 2000 
 

 The mean total gamma dose was 0.91 +/- 0.95 Gy (99% percentile 3.9 Gy) for 
men and 0.65 +/- 0.75 Gy (99% percentile 2.99 Gy) for women 

 Excess relative risk per Gy was 0.464 (95% confidence interval 0.360-0.567). 
Incidence of CVD was statistically significantly higher for the workers 
chronically exposed to external gamma rays at a dose above 1.0 Gy  
 

 30.0% of workers were assessed for Plutonium body burden. Amongst which, 
the mean cumulative liver dose from alpha exposure was 0.40 +/- 1.15 Gy 
(99% percentile 5.88 Gy) for men and 0.81 +/- 4.60 Gy (99% percentile 15.95 
Gy) for women  

 Statistically significant increasing trend in CVD incidence with internal liver 
dose from plutonium alpha exposure. ERR per Gy was 0.155 (95% confidence 
interval 0.075-0.235).  
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 62 adult survivors (mean age, 42.2 years; standard deviation [SD], 
4.77) from a large cohort treated with either high-dose (≥ 30 Gy) 
thoracic radiation (n = 38) or lower-dose (< 30 Gy) thoracic radiation 
combined with anthracycline (n = 24) 

 

 HL survivors demonstrated lower performance on sustained attention 
(P = .004), short-term memory (P = .001), long-term memory (P = 
.006), working memory (P < .001), naming speed (P < .001), and 
cognitive fluency (P = .007) 

 

 MRI revealed leukoencephalopathy in 53% of survivors, and 37% had 
evidence of cerebrovascular injury 

 

 adult long-term survivors of childhood HL are at risk for 
neurocognitive impairment, which is associated with radiologic 
indices suggestive of reduced brain integrity and which occurs in the 
presence of symptoms of cardiopulmonary dysfunction 

Neurocognitive function and CNS integrity in adult survivors of childhood 

hodgkin lymphoma. Krull KR, Sabin ND, Reddick WE, Zhu L, Armstrong GT, 

Green DM, Arevalo AR, Krasin MJ, Srivastava DK, Robison LL, Hudson MM. J Clin 

Oncol. 2012 Oct 10;30(29):3618-24. 
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Experimental data 
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Two months after irradiation, cell fate in the dentate gyrus is altered by low to moderate 
doses of X-rays.  

Mizumatsu S et al. Cancer Res 2003;63:4021-4027 
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RBE for Neutron and  gamma rays 

RBE based on apoptotic cells in hippocampal DG of adult 

mice following fast neutron or g-ray irradiation 

 For Ki-67-positive proliferating cells, 

 

Neutrons: y=10.79D² – 15.75D+9; r²= 0.964 

γ-rays: y=0.640D² – 5.086D+9; r²= 0.843 

 

 For DCX-positive immature progenitor cells, 

 

Neutrons: y=11.74D² – 47.87D+47.33; r²=0.997 

γ-rays: y=2.331D² – 21.30D+47.33; r²=0.955 

 TUNEL-positive apoptosis 

 

Neutrons: y=11.874D+17.246D²+0.111;R²=0.999 

γ-rays: y=9.869D – 1.311D²+0.111; R²=0.998 
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Panel A: Total numbers of BrdU-positive 

cells decreased slightly over the dose range 

of 0–2 Gy; the increase after 4 Gy largely 

represents newly born activated microglia 

(see Fig. 2).  

 

Panel B: Newly born neurons, which were 

labeled with an antibody against NeuN, 

showed significant decreases at all doses 

greater than 0.5 Gy.  

 

Panel C: Newly born astrocytes, labeled with 

an antibody against GFAP, showed 

substantial decreases after 0.5 and 1.0 Gy. 

The relative 

increases seen from 2–4 Gy likely represent 

a reactive gliosis but could also involve, in 

part, 

a regenerative response in GFAP-producing 

stem cells.  

 

Panel D: Newly born oligodendrocytes, 

which were labeled with an antibody against 

NG2, showed significant decreases after 

doses greater than 0.5 Gy. Each bar 

represents the mean for five or six mice; 

error bars are standard errors of the means. 

*P < 0.05 after adjustment for multiple 

comparisons. 
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RBE for TUNEL index of EGCs 

 The relationship between dose and effect 

was analyzed using linear regression, with 

the absorbed dose on the X-axis and the 

TUNEL index of the EGCs on the Y-axis. 

 

  The slope and intercept of the regression 

line obtained at 12 h after exposure to C-

beams were 2.2 and 21.7 (r2 = 0.83), 

respectively; those for X-rays were 1.6 

and 17.5 (r2 = 0.97), respectively.  

 

 The RBE of C-beams obtained by 

comparing the slopes of the regression 

lines for the C-beams and X-rays was 1.4. 
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In vitro study of neuronal network under space conditions 
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g-H2AX– DSB repair relation 

 The cell responds to radiation-induced DSB through the 

phosphorylation of thousands of H2AX molecules (one of 

the histone proteins) flanking the damaged site.  

 

 This highly amplified response can be visualized as a γ-

H2AX focus in the chromatin that can be detected in situ 

with the appropriate antibody.  
 g-H2AX 



Copyright © 2013  

SCK•CEN 

DNA damage/repair dynamics in simulated microgravity 
condition after acute low dose X-irradiation 

hours hours 

 In ground conditions, DNA damage in neurons was quickly repaired after low dose exposure 

 In simulated microgravity the DNA damage is higher than the ground conditions 

 In simulated microgravity the number of DNA damage positive cells is higher than the ground 

conditions  



Copyright © 2013  

SCK•CEN 

DNA damage/repair dynamics in simulated microgravity 
condition after acute high dose X-irradiation 

hours 

 In ground conditions, DNA damage in neurons was quickly repaired after high dose exposure 

 In simulated microgravity, the DNA damage is higher than the ground conditions 

 In simulated microgravity, the number of DNA damage positive neurons after high dose 

exposure is higher than the ground conditions  
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DNA damage induced in mature neurons  
by chronic radiation during simulated microgravity exposure  

% of positive cells
after 65 h of chronic radiation
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 Low chronic irradiations induce DNA damage 

 The combination of space conditions induce a synergistic 

increase in DNA damage 

 Number of DNA damage-positive cells during chronic 

radiation is higher in simulated space conditions than in 

ground condition  
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Conclusions 

 Lack of epidemiological studies for non-cancer effects 
at different radiation qualities 
 

 Clearly the cellular and molecular responses are 
modulated by the effectiveness of radiation quality 
 

 The question: how the initial events modulate late 
disease occurence? 
 

 The common response is masterred by modulation of 
p53 pathway and subsequent apoptosis with some 
varriation 
 

 Is it needed to study each type of radiation at the 
different doses and energies? 
 

 Need to identify alternative responses and pathways 
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Epidemiology  

 Need of identified cohorts with different exposures 

 So far no clear diference in the outcome non-cancer 

diseases based on the quality of radiation 

 Most of the data available is related to gamma exposure 

 New data is accumulating for cerebrovascular and 

cardiovascular diseases (treatment of brain gliomas, 

head & neck, breast  and others with different radiation 

qualities such as neutron, proton and Carbon ion 

therapy) 

 For lens opacities, most available data is provided from 

interventional cardiologists, need to invistigate other 

cohorts 
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Radiotherapy 

 The issue of Radiation quality is of high importance in 

radiation therapy 

 

 More interest now in highly effective radiation to kill 

tumor cells  

 

 More interest in high RBE radiation quality such as 

Neutron, Proton and Carbon ion therapy 

 

 Thus, intensive research is needed to identify the side 

and late non-cancer effects of healthy tissue at low 

doses 
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Radiation biology 

 Integration of radiation biology with epidemiology and 

radiotherapy studies 

 Study of initial cellular and molecular events on 

different cell types exposed to different radiation 

qualities 

  confirm if initial events are defining the occurence of 

late non-cancer effects 

 Study of late events (several month after exposure) 

using animal models to illustrate non-cancer effects  

 Allow integrated projects for common access to 

irradiation facilities (GSI, Ganil,,,) to study different 

aspects of non-cancer effects 
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Space biology 

 Space radiation produced by the Sun and other galactic 
sources is more dangerous and hundreds of times more 
intense than normal cosmic radiation usually experienced 
on Earth 

 

 Limited access to human (astronauts) samples as well as 
flight based experiments 

 

 Illustrate the effect of radiation mix including gamma, 
proton, neutron and heavy ions on cells and animals on 
earth based facilities for non-cancer diseases occurence 

 

 Integration of the microgravity component to better 
estimate the effect under space conditions 
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Radiation protection 

 The radiation protection system for risk estimate is based 
essentially on epidemiological data 

 

 Need for appropriate cohorts to adress the radiation 
quality issue 

 

 Enhancing the modeling of experimental data can help in 
better understanding the mechanisms and fitting the 
curve 

 

 The LNT assumption for low doses of different radiation 
qualities 

 

 The treashold theory for non-cancer effects? 
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Thanks for your attention 


