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➤ Animal experiments: 
      estimation of risk to human being  
	

➤ Epidemiological study:  
      human health survey on the children of   
      survivors exposed to radiation.  
	

➤ Molecular genetics:  
      DNA mutation of germ-line cells,  
      RNA expression, and so on.	

	


Studies of genetic effects of radiation 	




Morphological Anomaly 

(Nomura, 1975, 78, 82) 

Embryonic Deaths in F1 Fetuses (Dominant Lethals) 

Fetus 
 
 

X-rays 
5 Gy	


Radiation  

Embryonic Deaths 

Dose of X-rays (Gy) 

Spermatids 

Spermatogonia 

Spermatozoa 

No significant increase by the 
exposure of spermatogonia which 
will be killed during meiosis due to 

large chromosomal changes 

Visible	
  Evidence	
  of	
  Gene'c	
  Effects	
  of	
  Radia'on	
  



Ref 

Tumor Induction in the Next Generation (F1) 
after Parental Exposure to Radiation 

Solid line; single and high dose.�Broken line;�low and fractionated.	
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1. Postmeiotic stages are more sensitive than Spermatogonia.  
2. Protract effects in Spermatogonia and Oocytes;   
    Reduction factor > 10 ( 1 for postmeiotic stages).  
                    (Nomura, Tumors of Early Life in Man, 1978; Nature, 1982)	
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Inheritance; Transmission of Tumour Susceptibility 

(N5 mice) 

(Nomura, 1986, 2000) 

F58 

Retrospec've	
  analysis	
  
demonstrated	
  that	
  
variety	
  of	
  tumors	
  and	
  
malforma'ons	
  developed	
  
in	
  next	
  genera'on.	
  	
  	
  

OC:	
  ovarian	
  cancer	
  
LT:	
  lung	
  tumor	
  
LL:	
  lympha'c	
  leukemia	
  
Hep:	
  hepatoma	
  
CK:	
  kidney	
  cancer	
  
LC:	
  lung	
  cancer	


(2013) 



➤ The	
  results	
  of	
  the	
  animal-­‐experiment,	
  especially	
  on	
  
	
  	
  	
  	
  	
  	
  mammals,	
  suggest	
  that	
  the	
  similar	
  gene'c	
  health	
  	
  
	
  	
  	
  	
  	
  	
  effects	
  could	
  be	
  induced	
  in	
  human	
  being.	
  	
  
	

➤ The	
  gene'c	
  health	
  effect	
  induced	
  by	
  radia'on	
  
	
  	
  	
  	
  	
  	
  exposure	
  is	
  	
  “non-­‐specific	
  disease”	
  to	
  radia'on:	
  
	
  	
  	
  	
  	
  	
  congenital	
  disorders,	
  cancers,	
  non-­‐cancer	
  diseases,	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  etc.	
  	
  
	
  
➤ The	
  risk	
  of	
  the	
  gene'c	
  health	
  effect	
  of	
  radia'on	
  
	
  	
  	
  	
  	
  	
  increases	
  in	
  propor'on	
  to	
  the	
  exposure	
  dose	
  	
  
	
  	
  	
  	
  	
  	
  of	
  the	
  parents.	
  	
  	
  	
  	
  	
  “Stochas'c	
  Effect”	


Understanding	
  from	
  the	
  animal	
  experiment	
  	




遺伝的影響ーこれまでの調査	


Genetic studies on the children of 
A-bomb survivors by ABCC/RERF	


Birth defects 
 （still birth, malformation, perinatal death, etc.）	


１９４８〜１９５４	


Sex ratio	
 １９４８〜１９６２	


Growth and development（height, weight, 
mental development）	


１９６５	


Chromosome aberrations	
 １９６７〜１９８４	


Cancer incidence (on going)	
 １９６０〜	


Mortality (on going)	
 １９６０〜	


Protein electrophoresis	
 １９７７〜１９８４	


DNA studies (ongoing)	
 １９８５〜	


Clinical examination study (on going)	
 ２００１〜	


“There is no clear evidence so far, which indicates the health 
risks induced by radiation exposure of parents.” 

Their study has several scientific problems and limitation. 
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／母由来	


Detection of mutation in children  
using makers of microsatellite length	
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No.	
 of	
 
microsatellite	
 
loci	
 

control	
 group	
 preconceptional	
 
exposed	
 group	
 

total	
 No.	
 
of	
 loci	
 

No.	
 of	
 mutations	
 
(mutation	
 rate, 
x10-3)	
 

total	
 No.	
 
of	
 loci	
 
	
 

No.	
 of	
 mutations	
 
(mutation	
 rate, 
x10-3)	
 

autosomal 
(31) 　2108 18 (8.5) 　1852 11 (5.9) 

(p   0.3) 

Y-linked	
 (40)	
 　1458  3 (2.1) 　1392  4 (2.9) 
(p   0.95) 

X-linked　(1) 　　68  0 (0.0) 　               　　59  0 (0.0)　   

Microsatellite	
  muta'on	
  rates	
  in	
  the	
  children	
  of	
  the	
  
liquidators,	
  who	
  had	
  been	
  exposed	
  to	
  radia'on	
  before	
  

concep'on	
  and	
  those	
  of	
  the	
  un-­‐exposed	
  control	
  	
  

＝	
 ・�
・�

＝	
 ・�
・�

Furitsu,	
  Ryo,	
  Nomura,	
  et.al,	
  2005	




Mini-­‐	
  and	
  Microsatellite	
  Muta'ons	
  in	
  the	
  Children	
  of	
  Radia'on-­‐exposed	
  Parents	
  



Recent	
  ac'vi'es	
  of	
  the	
  associa'on	
  	
  
of	
  second	
  genera'on	
  A-­‐bomb	
  survivors	


➤ Domestic activities: 
     requesting the Japanese government 
     to take measures to protect their right  
     to health	

➤ International activities:  

- raising the issue of the human rights of the 
second generation to the UN human rights 
counsel 

- making clear voices for 
   the nuclear free world 
   in succession to the  
   activities of the first 
   generation Hibakusha  



➤ The	
  social	
  and	
  medical	
  support:	
  
	
  	
  	
  	
  	
  to	
  nuclear	
  vic'ms	
  and	
  their	
  next	
  genera'ons	
  
	
  	
  	
  	
  	
  based	
  on	
  “precau'onary	
  principle”	
  	
  
	

➤ Aboli'on	
  of	
  	
  nuclear	
  weapons,	
  
	
  	
  	
  	
  	
  as	
  well	
  as	
  “peaceful	
  use	
  of	
  nuclear”	
  
	
  	
  	
  	
  	
  to	
  avoid	
  any	
  further	
  burden	
  to	
  the	
  future	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  genera'ons	
  from	
  the	
  nuclear	
  contamina'on	
  	
  
	
  	
  	
  	
  	
  and	
  radia'on	
  exposure.	
  	
  	
  	


What	
  is	
  necessary?	
  	
  
to	
  protect	
  the	
  human	
  rights	
  of	
  the	
  nuclear	
  vic'ms	
  
	
  including	
  their	
  second	
  and	
  further	
  genera'on	
  	



