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Chromosomal  abe r r a t i ons  appeared  in the bone m a r r o w  cel ls  of female  monkeys t ransplanted  
into i r r ad ia t ed  thymec tomized  male monkeys.  S imi lar  abe r r a t i ons  were  found in the h e m a t o -  
poiet ic  cel ls  a f ter  autograft ing of bone marrow.  

This p a p e r  desc r ibes  a study of the ch romosoma l  appara tus  of bone m a r r o w  cel ls  t ransplanted  into 
i r r ad ia ted  monkeys.  

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

Monkeys of the spec ies  Papio hamadryas  and Macaca  rhesus  were  used in the investigation.  The 
monkeys were  i r r ad ia t ed  with 7 r ays  in a dose of 800-1500 R, and 1.5-2 h l a t e r  they were  graf ted  with 
autologous or  allogeneic bone m a r r o w  in a dose of (2-5) - 10 a viable  nucleated ce l l s / kg  body weight. Full 
deta i ls  of  the methods of i r r ad ia t ion  and of obtaining and t ransplant ing  the bone m a r r o w  will be descr ibed  
e l sewhere .  

The donors  for  al lograft ing were  females  and the rec ip ien ts  were  males .  Since allogeneic bone 
m a r r o w  in monkeys  induces an acute f o r m  of secondary  d i sease ,  with different ia t ion of hematopoie t ic  cel ls  
into lymphocytes ,  and with rapid  a l lerg ic  death of the developing immunocytes  [2], this p a r t  of the inves t i -  
gation was c a r r i e d  out on monkeys  thymectomized  1.5-3 months before  the exper iment ,  to p reven t  the 
development  of acute secondary  d isease .  

F o r  the karyologic  invest igat ion 1-1.5 ml of bone m a r r o w  suspension was asp i ra t ed  f r o m  the head 
of the h u m e r u s  and incubated for  30-50 min at 37~ in 20 ml  of Hanks '  solution with 8 # g / m l  colehicine 
and 10 u n i t s / m l  heparin.  Hypotonicity was c rea ted  by the addition of 100 ml of 0.44% sodium c i t ra te  so lu-  
tion for  20 rain. After  centr ifugation,  the cel ls  were  fixed with a m i x ,  re  of ethyl alcohol and acetic acid 
(3:1) and dr ied  f i lms  were  made by  igniting the fixing solution [5]. 

E X P E R I M E N T A L  R E S U L T S  

The n o r m a l  karyo type  was studied in four  monkeys of the spec ies  13. h a m a d r y a s  and two of  M. 
rhesus .  In both spec ies  of monkeys  the modal number  of c h r o m o s o m e s  was 42. Cells of  the male  were  
readi ly  dist inguishable f r o m  those of the female  by the p r e s e n c e  of the single ac rocen t r i c  c h r o m o s o m e  
(the Y chromosome)  in the set  (Fig. 1). In both spec ies  a p a i r  of m a r k e r  c h r o m o s o m e s  was p resen t ,  the 
upper  b ranches  of  wMch were  connected with the c e n t r o m e r e  by a lmos t  invisible  i s thmuses .  The number  
of aneuploid ce l l s  was about 5%, and these  were  en t i re ly  hypodiploid cells .  In 3 of the 216 me taphases  
studied, deletions were  found, and only in 1 was there  a ch romosoma l  f ragment .  On the whole these  r e -  
sul ts  agree  with those given in the l i t e r a tu re  [1, 3, 4]. 
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Fig. 1. Karyotype of intact  monkeys  (P. hamadryas ) :  a) 
female;  b) male.  

Fig. 2. Severe ly  damaged ce l l s  in bone m a r r o w  of 
intact  monkeys:  a) multiple chromat id  and i sochro-  
mat id  f ragments ;  b, e) pulver izat ion;  d) f ragments ,  
ch romat id  t rans locat ions .  

In the f i r s t  2-4 days a f te r  i r rad ia t ion  of the monkeys,  only s eve re ly  damaged ce l l s  with multiple 
ch romosoma l  and chromat ide  f r agmen t s  and t rans loca t ions  were  observed;  pulver iza t ion  of the c h r o m o -  
s o m e s  w a s  f requent  (Fig. 2). These  cel ls ,  with such s eve re  in jur ies ,  were  evidently those exposed to the 
d i rec t  action of the radiat ion,  for  they were  found at these  t imes  in the control  i r r ad ia t ed  monkeys (without 
t ransplanta t ion  of bone marrow) also.  

F r o m  the second week a f t e r  i r rad ia t ion ,  act ive repopulat ion of the g ra f t  took place  (Table 1). Be-  
s ides  a v e r y  sma l l  number  of s eve re ly  damaged ce l l s ,  many intact  me taphases  belonging to the bone m a r r o w  
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Fig. 3. St ructure  damage  to c h r o m o s o m e s  in hematopoie t ic  
cel ls  of i r r ad ia t ed  monkeys:  a) P.  hamadryas  (XY), 11 days  
a f t e r  t ransplanta t ion.  Donor ' s  cell.  d' i sochromat id  f ragment ;  

eh romat id  f ragment ;  b) the s ame  monkey 15 days a f te r  t r a n s -  
plantation. Donor ' s  cell. o" i sochromat id  f ragment ;  ~ de le -  
tion; c) M. rhesus  (XY) 12 days af ter  t ransplanta t ion.  Donor ' s  
cell. o" i sochromat id  f ragment ;  d) P. h a m a d r y a s  (XY) 371 days 
a f te r  autograft ing.  ~ t rans loca t ion  ( t r i rad ia te  figure);  two 
c h r o m o s o m e s  of S group absent.  

donor (XX) were  found. Some of  these  ce l l s  showed s t ruc tu ra l  d i s tu rbances  of the ch romosomes .  In the 
analysis ,  a cell  was r ega rded  as identified only if  all 42 c h r o m o s o m e s  were  p resen t .  If even one c h r o m o -  
some was lost ,  o r  if ch romat id  or  c h r o m o s o m a l  t rans loca t ions  were  p resen t ,  cel ls  in which the Y ch ro -  
mosome  was  absent  we re  r e g a r d e d  as unidentified. Even with this s t r i c t  approach,  c h r o m o s o m a l  a b e r -  
ra t ions  were  found in all th ree  monkeys  in 7-30% o f t h e  donor ' s  ce l l s  (Fig. 3). Chromat id  and c h r o m o -  
somal  rup tu res  were  obse rved  in about equal frequency; as Table  1 shows, t r ans loca t ions  were  much l e s s  
common.  If s eve re ly  damaged ce l l s ,  which are  evidently r ec ip i en t ' s  cel ls  le thal ly  damaged  by the d i rec t  
action of the radiat ion,  were  d i s regarded ,  19% of the cel ls  (63 of 327) were  found to c a r r y  s t ruc tu ra l ly  d i s -  
turbed c h r o m o s o m e s ,  and all identified abe r r an t  ce l l s  (52 of 63) belonged to the donor of the bone mar row.  
An inc rea se  in the n u m b e r  of ce l l s  with deletions (12 of 327 compared  with a no rma l  3 of 215) also was 
found among the repopulat ing cel ls ;  in some  cases  these  delet ions were  mult iple  and much l a r g e r  in s ize  
than those obse rved  in intact  monkeys  (Fig. 3a). By the end of the third week af ter  i r rad ia t ion ,  the n u mb er  
of  damaged cel ls  was reduced.  

To exclude the effect  of f ac to r s  such as the foreign antigenic env i ronment  for  the injected cel ls ,  
t hymec tomy of the rec ipient ,  poss ib le  al logeneic inhibition, and so on, invest igat ions  were  c a r r i e d  out with 
t ransp lan ted  autologous bone m a r r o w  (Table 1). In these  ca se s  also cel ls  c a r ry ing  analogous c h r o m o s o m a l  
abe r ra t ions  were  found. Because  of the absence of m a r k e r s ,  it was imposs ib le  to es tab l i sh  d i rec t ly  that  
these  cel ls  belonged to the graft .  However ,  with the dose of i r rad ia t ion  used (1.5-2 LD99) all cel ls  exposed 
to the d i rec t  action of the radia t ion and s tar t ing  on mi tos i s  at var ious  t imes  a f te r  i r r a d i a t  ion c a r r i e d  v e r y  
s e v e r e  c h r o m o s o m a l  injur ies .  Most  p robab ly  ce l l s  with re la t ive ly  slight damage  belonged to the graf t .  
This,  of  course ,  does not apply to the monkey inves t iga ted  1 and 2 y e a r s  a f t e r  i r radia t ion.  The two ce l l s  
with chromat id  t rans loca t ions  d i scovered  in it  (Fig. 3d) may be the progeny of un i r r ad ia t ed  and of i r r ad i a t ed  
p r e c u r s o r s .  In these  expe r imen t s  also,  i f  the s e v e r e l y  damaged  cel ls  a re  d i s rega rded ,  during the f i r s t  3 
weeks a f t e r  i r r ad ia t ion  21 of the 148 me taphases  analyzed (14%) had chromat id  and c h r o m o s o m a l  f r agmen t s  
and t rans loca t ions ;  the num ber  of ce l l s  with delet ions also was i nc rea sed  (5 of 148). The number  of a b e r -  
rant  ce l l s  showed a d e c r e a s e  2.5 months a f te r  t ransplanta t ion  (1 of 35). This close ag reemen t  between the 
re la t ive  n u m b e r  of a b e r r a n t  ce l l s  a f t e r  autologous and al logeneic graf t ing shows that  the t ransp lan ted  cel ls  
a re  evidently damaged  a f te r  autograf t ing also. 

Ch romosoma l  in jur ies  obse rved  af ter  t ransplanta t ion  of both autologous and al logeneic bone m a r r o w  
were  not se l f - reproduc ing ,  but we re  los t  at the f i r s t  mi tos i s ;  no clones of damaged ce l l s  were  found. It 
can accordingly be  concluded that the donor ' s  ce l l s  were  damaged  not only at the t ime of t ransplan ta t ion  or  
soon after;  in fact ,  in some  ca se s  12-15 days a f t e r  t ransplanta t ion ,  up to 15-20% of the dividing don o r ' s  
cel ls  were  aber ran t .  Since the total  number  of bone m a r r o w  cel ls  at this t ime  was l a rge ly  r e s t o r e d  by the 
g ra f t  ( f rom 15,000 to 30 ,000 /mm 3 com pared  with 200 -1000 /mm 3 at the depth of aplas ia ,  5-6 days  a f te r  
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i r radia t ion) ,  it is  c l ea r  that  the total  number  of injured donor ' s  cel ls  d i scovered  was g r e a t e r  than the total 
n u m b e r  of  cel ls  injected at the t ime  of graf t ing  and capable  of  prolonged prol i fera t ion.  

Hence, at l eas t  during the f i r s t  weeks af ter  i r rad ia t ion ,  f ac to r s  are  p r e s e n t  in the body which can 
induce ch romosoma l  aber ra t ions  in p ro l i fe ra t ing  hematopoie t ic  cel ls .  No informat ion is available r e g a r d -  
ing act ivi ty of this type in any hypothetical  radiotoxins.  The more  probable  cause  of the in jur ies  a r i s ing  
in the donor ' s  cel ls  is  a v i r e m i a ,  which frequently develops in the s e v e r e s t  types of radiat ion s ickness .  
Under all conditions, and wha tever  the mechan i sm of these  d i s tu rbances ,  the resu l t s  must  be taken into 
account in all  radiobiological  invest igat ions.  In pa r t i cu la r ,  i t  must  be concluded f r o m  them that  not eve ry  
cel l  with c h r o m o s o m a l  abe r ra t ions  found in an i r r ad ia ted  o r g a n i s m  has been damaged by the d i rec t  action 
of the radiat ion.  
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