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The p r e s e r v a t i o n  of rad ia t ion  i n ju r i e s  to ch romosomes  was studied dur ing  cul t ivat ion of i r r a -  
diated human diploid cel ls .  In the f i r s t  subcul ture  af ter  i r r ad i a t i on  the n u m b e r  of cel ls  with 
ch romosomal  abe r r a t i ons  was 2.5 t imes  g r e a t e r  than in the control  cul ture.  After  two sub-  
cu l tu res  of the i r r ad i a t ed  s t ra in ,  on the eighth day af ter  i r r ad ia t ion ,  ce l l s  bea r ing  uns tab le  
ch romosomal  abe r r a t i ons  and te t raplo id  ce l l s  induced by i r r a d i a t i on  d i sappeared  f rom the 
population. 

The study of i n ju r i e s  to genet ic  s t r u c t u r e s  in  i r r ad i a t ed  ce l l s  and the fate of cel ls  c a r ry ing  these in -  
j u r i e s  is of cons ide rab le  in t e re s t .  

Inves t igat ion of c i rcu la t ing  blood cel ls  of i r r ad i a t ed  p e r s o n s  has revea led  ch romosomal  abe r r a t i ons  
many months or yea r s  af ter  i r r ad i a t i on  [4, 7-11,  16, 17]. However,  these  inves t iga to r s  have not u n d e r -  
taken succes s ive  observa t ions  on ch romosomal  changes in the course  of seve ra l  cell  genera t ions  af ter  
i r r ad ia t ion .  

The inves t iga t ion  of this  p rob lem is faci l i ta ted by the use  of cel ls  of human diploid s t r a ins ,  which 
p r e s e r v e  the i r  diploid karyotype and the i r  in i t ia l  p rope r t i e s  for 50 • 10 subcul tures .  

E X P E R I M E N T A L  M E T H O D  

Cel ls  of diploid s t r a i n s  obtained f rom the lungs of 3 - 5 - mon t h  human  embryos  in the Labora tory  of 
Diploid Ceils  of the Ins t i tu te  were  used  in the inves t igat ion.  Cells  were grown on Eag le ' s  medium with the 
addition of 0.5% lac ta lbumin  hydro lysa te  solut ion (30%) and calf  s e r u m  (10%). 

The cel ls  were i r r a d i a t e d  48 h af ter  seeding on a type RUP-200 apparatus  under  the following condi-  
t ions:  210 kV, 15 mA, 23.5 R / m i n ;  focus d i s tance  60 cm. F i l t e r s :  A1 0.75 mm and Cu 0.5 ram. Dose 50 R. 

Chromosomal  abe r r a t i ons  were  counted in  the metaphase  stage. Specimens  for  cytogenetic analys is  
were p r e p a r e d  in the usual  m a n n e r  [15]. Cytogenetic ana lys i s  was c a r r i e d  out on ce l l s  of the f i r s t  and 
second subcu l tu re s  af ter  i r r ad ia t ion .  The f i r s t  subcu l tu re  af ter  i r r a d i a t i o n  took place at two dif ferent  
t imes :  24 h after  i r r ad ia t ion ,  before  the f i r s t  pos t rad ia t ion  mitot ic  cycle was complete  [2], and 4 days after  
i r r ad ia t ion .  Cells  were fixed 48 h af ter  subcul ture ,  i .e. ,  3 and 6 days, respec t ive ly ,  af ter  i r rad ia t ion .  
The second subcul tu re  of the i r r ad i a t ed  cel ls  took place 5 days after  the f i r s t ,  i .e . ,  6 days af ter  i r r a d i a -  
tion, and these  ce l l s  also were  fixed 48 h after  subcu l tu re  (8 days af ter  i r rad ia t ion) .  In t rav i ta l  s ta in ing of 
the cel ls  was c a r r i e d  out by addit ion of an equal volume of 0.1% t rypan  blue solut ion to the cell  suspens ion  
[6]. The ~v method and Student ' s  d i s t r ibu t ion  were used for s t a t i s t i ca l  ana lys i s  of the r e su l t s  [5]. Each 
tes t  was repeated  3-5 t imes .  No s t a t i s t i ca l ly  s igni f icant  dif ference was found between the r e su l t s  of iden t i -  
cal t es t s ,  so that aggregated data a re  given in this paper.  
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E X P E R I M E N T A L  R E S U L T S  

The n u m b e r  of cel ls  with ch romosoma l  abe r r a t i ons  in the f i r s t  sub-  
cul ture  3 and 6 days af ter  i r r a d i a t i on  was approximate ly  the same,  
namely  8.0-8.5%, compared  with 3.2% of a b e r r a n t  cel ls  in the control  cu l -  
ture .  The difference is s t a t i s t i ca l ly  s ignif icant  (P > 0.999; Table  1). 
However,  d i f ferences  were found in the spec t rum of ch romosoma l  a b e r r a -  
t ions found at these  t imes .  In cel ls  fixed 6 days after  i r r a d i a t i on  the 
n u m b e r  of t e r m i n a l  chromat id  delet ions was reduced,  and the re  was a c o r -  
responding  i n c r e a s e  in  the number  of i soehromat id  and ch romosoma l  de -  
le t ions ,  p r edominan t ly  chromosomal .  

In the second subcul ture  after i r r ad i a t i on  the n u m b e r  of ce l l s  with 
ch romosomal  a be r r a t i ons  in the i r r ad i a t ed  cul ture  did not exceed the 
control  f igure.  The spec t rum of ch romosomal  abe r r a t i ons  in the i r r a -  
diated cel ls  l ikewise was s i m i l a r  to that in the control  cel ls .  

The i nc r ea se  in the n u m b e r  of te t raplo id  cel ls  to 4.3% compared  
with 2.3% in the control  was observed  in cul ture  3 days af ter  i r r a d i a t i o n  
(Table 1). At other  t imes  the i r  n u m b e r s  in the i r r ad i a t ed  and cont ro l  cu l -  
t u re s  were the same.  

By using the method of in t rav i ta l  s ta in ing of the ce l l s ,  the n u m b e r  
of l iving and dead cel ls  in the control  and i r r ad i a t ed  cu l tu res  was d e t e r -  
mined after  each subcul ture .  Counts showed that at the f i r s t  subcu l tu re  
24 h af ter  i r r ad i a t i on  the n u m b e r  of dying cel ls  in the i r r ad i a t ed  cul ture  
averaged 36.8% compared  with 5.1% in the control.  At the f i r s t  subcu l tu re  
4 days af ter  i r r ad ia t ion  the n u m b e r  of dead ce l l s  in the i r r ad i a t ed  and 
control  cu l tu res  was 44.0 and 10.8% respec t ive ly ,  while at the second sub-  
cul ture ,  6 days after i r r ad ia t ion ,  the n u m b e r  of dead c e l l s i n t h e  i r r ad i a t ed  
cul ture  was 26.5% and in  the control  8.3%. 

The re su l t s  of this  inves t iga t ion  indicate  that human diploid cel ls  
containing ch romosomal  abe r ra t ions ,  as well as te t raplo id  ce l l s  induced 
by i r r ad i a t i on  d isappear  f rom the populat ion af ter  two subcu l tu res  of the 
i r r ad ia t ed  culture.  This conclus ion was conf i rmed by counting the n u m -  
be r  of dead cel ls  af ter  i r r ad ia t ion ,  showing that af ter  the f i r s t  subcu l tu re  
up to 44% of the i r r ad i a t ed  ce l l s  had died compared  with 10.8% of dead 
cel ls  in the control  cul ture .  

The fate of some of these  a be r r a t i ons  can be de t e rmined  by ana lys i s  
of the types of ch romosomal  abbe r ra t ions  in the cel ls  at d i f ferent  t imes  
af ter  i r rad ia t ion .  A dec rease  in the number  of chromat id  dele t ions  and a 
pa r a l l e l  i n c r e a s e  in the n u m b e r  of abe r r a t i ons  of the i sochromat id  and 
ch romosomal  delet ion types in the cel ls  6 days af ter  i r r a d i a t i on  compared  
with ce l l s  at the p rev ious  t ime  of fixation indicates  redupl ica t ion  of the 
acent r ic  f ragments .  These f ragments  may be taken up in anaphase and, 
together  with the separa t ing  ch romosomes ,  they may en te r  the daughter  
nucleus  [3], although most  (about 70% of acen t r i c  f ragments)  are  lost  
dur ing  the f i r s t  pos t rad ia t ion  mi tos is  [19]. 

The equal n u m b e r s  of d icen t r i c s  with f r agmen t s  3 and 6 days af ter  
i r r ad i a t i on  may be explained on the assumpt ion  that the ce l l s  c a r r y i n g  
these  in ju r i e s  had not divided by the end of that per iod  and were  in the 
f i r s t  pos t rad ia t ion  mi tos is .  Cel ls  containing d icen t r i c s  with f r agments  
and chromat id  t r ans loca t ions  had d isappeared  c o m p l e t e l y f r o m t h e p o p u l a -  
t ion 8 days af ter  i r r ad ia t ion .  The n u m b e r  of res idua l  abe r r a t i ons  was 
reduced to the control  level .  
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A d e c r e a s e  in the n u m b e r  of a b e r r a n t  c e l l s  in the i r r a d i a t e d  cu l tu re  too c l o s e t o  the con t ro l  l eve l  was 
d i s c o v e r e d  by the s tudy of  c u l t u r e s  of  human c i r c u l a t i n g  blood l eukocy te s  for  120 h a f t e r  i r r a d i a t i o n  in 
v i t ro  by  7 r a y s  in a dose  of  100 R [1]. 

However ,  when the l eukocy te s  of i r r a d i a t e d  p e r s o n s  we re  i nves t i ga t ed  at  v a r i o u s  t i m e s  a f t e r  i r r a d i a -  
t ion,  a v a r i e t y  of  changes  was found among the c h r o m o s o m e s ,  such as  d i c e n t r i e s ,  r i ngs ,  p a i r e d  f r a g m e n t s  
(ca l led  "uns tab le  a b e r r a t i o n s "  by Buckton et  al. [11]), and a lso  " s t ab l e  changes"  (to u se  t h e s e  w o r k e r s '  t e r -  
minology) in c h r o m o s o m e s :  s y m m e t r i c a l  t r a n s l o c a t i o n s  of  c h r o m o s o m e s  and pseudod ip lo id  ce l l s ,  which 
a r e  much l e s s  c o m m o n  [7-11, 16, 17]. It is  i n t e r e s t i n g  to examine  these  f indings in the l ight  of r e c e n t  
s tud ies  of the l i fe  span  of human  lymphocy te s .  A hypo thes i s  which has  r e c e n t l y  a t t r a c t e d  g r e a t  a t tent ion  is 
that  of  F i t z g e r a l d ,  which he put  f o r w a r d  on the b a s i s  of  the fol lowing fac ts  [13, 14]. Uns tab le  c h r o m o s o m a l  
a b e r r a t i o n s  a r e  lo s t  a f t e r  one o r  s e v e r a l  ce l l  d iv i s ions .  T h e i r  d i s c o v e r y  in human l eukocy tes  s e v e r a l  
months  o r  y e a r s  a f t e r  i r r a d i a t i o n  mus t  t h e r e f o r e  ind ica te  that  the ce l l s  c a r r y i n g  these  a b e r r a t i o n s  have 
not  d iv ided  dur ing  that  pe r i od ,  i . e . ,  that  they a r e  l ong - l i v ing  ce l l s  r e t a in ing  t h e i r  ab i l i ty  to divide.  

Subsequent  s tud ies  of  the l i fe  span  of human lymphocy tes  have shown that  they can in fact  be p r e s e r v e d  
in vivo without  d iv i s ion  for  530-1574,  o r  even for  as  long as 6743 days ,  although along with t hese  l y m p h o -  
cy t e s  t h e r e  a r e  o the r s  whose l i fe  span i s  only a few days  [12, 18, 19]. It i s  thus obvious that  in the body of 
i r r a d i a t e d  p e r s o n s  c e l l s  c a r r y i n g  uns t ab le  a b e r r a t i o n s  may  p e r s i s t  for  a long t ime  w h e r e a s  these  a b e r r a -  
t ions  do not su rv ive  in d iv id ing  blood ce l l s .  Stable c h r o m o s o m a l  a b e r r a t i o n s  can p e r s i s t  for  a longe r  t ime  
in d iv id ing  ce l l s ,  s ince  t h e r e  i s  no l o s s  of gene t ic  m a t e r i a l  through the f o r m a t i o n  of these  a b e r r a t i o n s .  
Ce l l s  conta in ing  t h e s e  changes  do not d i e  a f t e r  d iv i s ion  b e c a u s e  of d i s t u r b a n c e  of the gene ba lance .  

T r e a t m e n t  of l y m p h o c y t e s  with phy tohemagglu t in in  o r  t h e i r  cu l t iva t ion  in v i t ro  s t i m u l a t e s  t h e i r  d iv i -  
sion. E l imina t ion  of c e l l s  with uns t ab l e  c h r o m o s o m a l  a b e r r a t i o n s  thus t akes  p l a c e  more  r ap id ly  in v i t ro .  
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