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by  the  combined  t r e a t m e n t  was less t h a n  af ter  X-rad ia -  
t ion alone. 

D. K. M'zE~S 

Zusammen/assung .  Nachweis ,  dass  i . p . - I n j ek t i on  yon  
U r e t h a n  und  Ganzk6rpe r -R6n tgenbes t r ah lungen  bei Ra t -  
t en  eine po tenz ie r t e  leuk~tmogene Wi rkung  hat ,  wghrend  

die Zahl der  e n t s t a n d e n e n  Hau t -  und  M a m m a - T u m o r e n  
geringer  war  ais bei  der  E inze lbehand lung .  
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Survival  and E n d o g e n o u s  Colony F o r m a t i o n  in Irradiated Mice Grafted with  N o r m a l  or 
Infectious Mononuc leos i s  Bone M a r r o w  

Previous ly  we a t t e m p t e d  1,2 to induce g rowth  of a 
h u m a n  haemopoie t i c  cell line in le thal ly  i r rad ia ted  mice. 
Since cy to tox ic  drugs were found to  be unable  to  p r even t  
graf t  versus hos t  reac t ion  S, an a n t i h u m a n  an t i l ympho-  
cyt ic  se rum was given af ter  t he  t r ans fe r  of h u m a n  bone 
marrow.  In  mos t  of the  rec ip ient  animals,  haemopoie t i c  
spleen colonies were found.  Chromosomal  analysis  of these  
spleen nodules  revealed  a mouse  k a r y o t y p e  suggest ing an 
enhanced  endogenous  s temcel l  prol i ferat ion.  

The p resen t  inves t iga t ions  deal wi th  the  inf luence of 
two i r rad ia t ion  doses and  t r y  to eva lua te  the  na tu re  of t he  
colony inducing fac tor  in h u m a n  bone marrow.  An 
increased ac t iv i ty  was no ted  in t he  bone mar row  der ived  
f rom th ree  infect ious mononucleos is  pa t ien t s .  

Adul t  N M R I  (Naval Medical  Research  Ins t i tu te )  mice 
were used and  received a to ta l  body  i r rad ia t ion  of 850 or 
975 t ad  as descr ibed previous ly  1. H u m a n  bone  mar row  or 
buf fy  coat  cells werve  given wi th in  3 h af ter  the  i rradia-  
t ion.  The surviving animals  were killed a t  day  9 and  the  
spleen nodules  coun ted  under  a d issect ing microscope.  In  
some expe r imen t s  t he  graf ted  rec ip ient  animals  also 
received 0.10 ml  of a horse der ived  a n t i h u m a n  ant i -  
l ymphocy t i c  se rum (ALS), l y m p h o t o x i c i t y  t i t e r  1/3000- 
1/8ooo. 

Results.  Heavi ly  i r rad ia ted  mice (975 r) g raf ted  wi th  
h u m a n  bone mar row  showed an improved  9 day  survival.  
This  was fu r the r  enhanced  by  an a n t i h u m a n  ALS given 
af ter  the  cell t r ans fe r  (Table I). The h ighes t  survival  was 
observed  in mice g r a f t e d  wi th  infect ious mononucleos is  
bone marrow,  while none  of the  animals  graf ted  wi th  cells 
f rom di f ferent  ma l ignan t  blood diseases (acute leukemia  - 
lymphosa rcoma)  surv ived  9 days.  Most  of the  i r rad ia ted  
and  ALS t r ea t ed  animals  graf ted  wi th  h u m a n  bone  
mar row  showed haemopoie t i c  colonies a t  the  spleen 
surface. ALS  alone did no t  induce colony fo rma t ion  al- 

t hough  it s l ight ly increased the  survival.  Chromosomal  
analysis  of these  colonies revealed a p a t t e r n  of 40 acro- 
centr ic  chromosomes,  typ ica l  for a mouse  ka ryo type  
(Figure). 

In  con t ras t  to the  975 r i r rad ia ted  mice, graf t ing  of 
h u m a n  ceils in to  850 r i r radia ted  animals  marked ly  
decreased the  survival  (Table II). W h e n  the  graf ted  mice  
were also t r ea t ed  wi th  ALS,  the  survival  was equal  to the  
i r rad ia ted  ungra f ted  recipients ,  Graf t ing of infect ious 
mononucleosis  bone  mar row resul ted  in a survival  s imilar  
to the  normal  h u m a n  bone mar ro w  and A L S - t r e a t e d  mice. 
Like in the  975 r, graf t ing  of h u m a n  cells and ALS t r ea t -  
m e n t  resul ted in haemopoie t i c  spleen colony format ion .  

Per iphera l  blood buffy  coat  cells der ived f rom infect ious 
mononucleosis  pa t i en t s  given to the  850 r i r rad ia ted  and  
ALS t r ea t ed  mice gave a doubl ing  of the  9 day  survival,  
compared  to  normal  buf fy  coat  cells (32% versus 16.6%). 
In  bo th  groups spleen colonies were found.  

As a control ,  the  inf luence of d i f ferent  samples  of cell- 
free h u m a n  p lasma  (normal - infect ious mononucleosis)  
was tes ted .  Only a small  increase in survival  and  a few 
colonies were observed.  There  was a s l ight ly  h igher  
surviva l  in t he  animals  t r ea t ed  wi th  normal  p lasma  
compared  to the  mice who received p lasma f rom a infec- 
t ious mononucleosis  pa t ien t .  

In  a last  exper iment ,  t he  colony- inducing abi l i ty  of in 
v i t ro  i r rad ia ted  h u m a n  bone mar ro w  (10,000 r) in jec ted  
in to  975 r and 850 r i r rad ia ted  mice was tes ted .  The 

a A. C. LOUWAGIE and R. L. VERWlLGHEN, Nature 225, 383 (1970). 
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Congress of the International Society of Haematology, Munich 
1971, Abstract Volume, p. 267. 
E. F2ELEMAN, Budapest (Hungary), personal communication. 

TabIe I. Endogenous colony formation in 975 r irradiated anti-human ALS treated and/or human bone marrow grafted mice 

Grafted bone marrow ALS 9 day Animals with Mean number of colonies 
survival % splen colonies (%) positive spleen 

Mean S.D. Range 

Nihil -- 3.33 (1/30) 0 -- -- -- 

Nihil + 13.3 (2/15) 0 -- -- -- 

Normal -- 11.7 (4/34) 50 (2/4) 1 -- 1.1 b 

Normal + 25 (14/54) 78.5 (11/14) 3.2 ~ 2.97 1-11 

Infect mononucleosis + 61.5 (8/13) 75 (6/8) 2.8 �9 3.03 1-8 

Malignant blood disease + 0 ( 0 ] 9 0 )  . . . .  

( ) ; number of animals. �9 One recipient mice, having spleen colonies too numerous to be counted, was not included in the calculation of the 
means, b Individual number. 
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Table II. Endogenous colony formation in 850 r irradiated ant i -human ALS treated and/or human  bone marrow grafted mice 

Graft or t reatment  Number of cells ALS 9 day 
survival (%) 

Animals with Mean number of colonies 
spleen colonies (%) positive spleen 

Mean S.D. Range 

Nihil --  40 (12/30) 0 --  --  --  
Bone marrow 
Normal 5 • 106 -- 17.4 (6/35) 33.3 (2/6) 1 - -  % i b 
Normal 5 • 106 + 40 (40/100) 75 (30/40) 1.76 ~ 1.03 1-4 
Infect. Mononucleosis 1.2 x 106 - -  37.5 (6/16) 83.3 (5/6) 3.2 1.30 2-5 

( ) Number of animals. ~ One recipient mice, having spleen colonies too numerous to be counted, was not included in the calculation of the 
means, b Individual numbers.  

i r r a d i a t e d  b o n e  m a r r o w  h a d  t h e  s a m e  a c t i v i t y  as  t h e  
n o n - i r r a d i a t e d  m a r r o w  d e r i v e d  f r o m  t h e  s a m e  d o n o r ,  
s h o w i n g  t h a t  t h e  v i a b i l i t y  of  t h e  g r a f t  w a s  n o t  d i r e c t l y  
i n v o l v e d .  

Discussion. A l t h o u g h  t h e r e  is no  p r o o f  of  a t a k e  1, ~, a 
x e n o g r a f t  o f  h u m a n  b o n e  m a r r o w  i n c r e a s e s  t h e  s u r v i v a l  
of  t h e  975 r i r r a d i a t e d  mi ce .  A s i m i l a r  p r o t e c t i v e  i n f l u e n c e  
h a s  b e e n  o b s e r v e d  b y  LOREIqZ a n d  CONGDON ~. T h e  g r a f t ,  
h o w e v e r ,  w a s  h a r m f u l  t o  t h e  850 r i r r a d i a t e d  r e c i p i e n t s .  
T h e i r  d e c r e a s e d  s u r v i v a l  m i g h t  be  d u e  to  a h o s t  v e r s u s  
g r a f t  r e a c t i o n  as  a r e s u l t  of  a less  c o m p l e t e  d e s t r u c t i o n  of  
t h e  h o s t ' s  i m m u n o l o g i c a l  r e a c t i v i t y  5. W e  w o n d e r  if t h e  
p r o t e c t i v e  e f f ec t  of  t h e  a n t i - h u m a n  A L S  t r e a t m e n t  is d u e  
e i t h e r  to  a n  i n h i b i t i o n  of t h e  g r a f t  v e r s u s  h o s t  r e a c t i o n  or. 
t o  a n  a spec i f i c  i m m u n o s u p p r e s s i v e  e f f ec t  o n  t h e  h o s t .  

L o o k i n g  a t  t h e  o r ig in  of  t h e  g r a f t ,  a h i g h e r  s u r v i v a l  w a s  
f o u n d  w h e n  t h e  g r a f t  w a s  d e r i v e d  f r o m  i n f e c t i o u s  m o n o -  
n u c l e o s i s  p a t i e n t s .  I n  c o n t r a s t ,  m i c e  g r a f t e d  w i t h  b o n e  
m a r r o w  d e r i v e d  f r o m  d i f f e r e n t  m a l i g n a n t  b l o o d  d i s e a s e s  
d i d  n o t  s u r v i v e .  A d m i n i s t r a t i o n  of  ce l l - f ree  h u m a n  p l a s m a  
t o  850 r i r r a d i a t e d  m i c e  g a v e  a s l i g h t l y  i m p r o v e d  s u r v i v a l .  
T h e r e  w a s  o n l y  a m i n i m a l  d i f f e r e n c e  b e t w e e n  t h e  m i c e  
t r e a t e d  w i t h  p l a s m a  f r o m  n o r m a l  a n d  i n f e c t i o u s  m o n o -  
n u c l e o s i s  p a t i e n t s .  

A l t h o u g h  a h u m a n  b o n e  m a r r o w  g r a f t  in  975 r a n d  850 r 
i r r a d i a t e d  n l ice  r e s u l t e d  in  a n  o p p o s i t e  i n f l u e n c e  on  t h e  
s u r v i v a l ,  in  b o t h  g r o u p s  e n d o g e n o u s  s p l e e n  co l on i e s  w e r e  

i n d u c e d .  A s i m i l a r  e n d o c o l o n i z a t i o n  h a s  a l r e a d y  b e e n  
d e s c r i b e d  b y  PONS a n d  P~TRAKIS 6 a n d  FISHBARG e t  alY 
a f t e r  i n j e c t i o n  of h u m a n  b o n e  m a r r o w  a n d  l y m p h o c y t e s .  
O u r  r e s u l t s  s u g g e s t  t h a t  t h e  e n d o c o l o n i z a t i o n  m ~ g h t  be  d u e  
to  a c e l l - b o u n d  f ac to r ,  s i n c e  i t  w a s  p r a c t i c a l l y  a b s e n t  in  
t h e  p l a s m a  t r e a t e d  mice .  T h e  v i a b i l i t y  of  t h e  cells ,  h o w -  
ever ,  d o e s  n o t  s e e m  to  be  i n v o l v e d  s i n c e  in  v i t r o  i r r a d i a t e d  
b o n e  m a r r o w  (10.000 r) w a s  e q u a l l y  a c t i v e .  A s i m i l a r  
o b s e r v a t i o n  w a s  m a d e  b y  DELMON'rE e t  al. s, w h o  i n d u c e d  
e n d o c o l o n i s a t i o n  in  b a b o o n  m a r r o w  g r a f t e d  m i c e  a n d  
f o u n d  l y s e d  b a b o o n  cel ls  e q u a l l y  e f f ec t i ve .  

T h e  h i g h e r  p r o t e c t i v e  e f f ec t  of  b o n e  m a r r o w  a n d  b u l l y  
c o a t  cel ls  d e r i v e d  f r o m  i n f e c t i o u s  m o n o n u c l e o s i s  p a t i e n t s  is 
a r e m a r k a b l e  b u t  u n e x p l a i n e d  p h e n o m e n o n .  As  p l a s m a  
f r o m  a m o n o n u c l e o s i s  p a t i e n t  is r a t h e r  l ess  e f f e c t i v e  
c o m p a r e d  w i t h  n o r m a l  p l a s m a ,  t h e  e f f ec t  s e e m s  t o  b e  
c e l l - b o u n d .  

Rdsumd. L ' a d n l i n i s t r a t i o n  i n t r a v e i n e u s e  de  ce l lu les  
m 6 d u l l a i r e s  ou  de  <~buffy coat~> h u m  a i n  i n d u i t  la  f o r m a t i o n  
de  co lon i e s  h 6 m a t o p o i 6 t i q u e s  c h e z  les  s o u r i s  i r r ad i6es .  
L ' a n a l y s e  c a r y o t y p i q u e  e n  a d 6 m o n t r 6  l ' o r i g i n e  m u r i n e .  
L e s  p h 6 n o m 6 n e s  d6c r i t s  s o n t  p l u s  p r o n o n c 6 s  c h e z  les  
s o u r i s  t r a i t 6 e s  a v e c  d e s  ce l lu les  p r o v e n a n t  de  m a l a d e s  
a t t e i n t s  de  m o n o n u c . l g o s e  i n f e c t i e u s e ,  m a i s  s o n t  i n d 6 p e n -  
d a n t  de  l a  v i a b i l i t 6  d e s  ce l lu les .  
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