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Dissoc ia ted  T h y m u s  and Bone M a r r o w  Cells: S y n e r g i s m  in Graft Versus  Host  React ion 

A G r a f t  V e r s u s  H o s t  (GVH)  r e a c t i o n  o c c u r s  w h e n  
i m m u n o c o m p e t e n t  cei ls  c a p a b l e  of  r e a c t i n g  a g a i n s t  t h e  
h o s t  a r e  i n o c u l a t e d  i n t o  r e c i p i e n t s  u n a b l e  t o  r e j e c t  t h e m .  
B o n e  m a r r o w  cei ls  f r o m  a d u l t  d o n o r s  a r e  c a p a b l e  of  
p r o d u c i n g  a s e v e r e  G V H  r e a c t i o n  i n  l e t h a l l y  i r r a d i a t e d  
r e c i p i e n t s  3 t o  6 w e e k s  a f t e r  cel l  i n o c u l a t i o n .  A d u l t  
t h y m u s  cells,  h o w e v e r ,  p r o v o k e  o n l y  a p o o r  G V H  r e a c t i o n  
w h e n  i n j e c t e d  i n t o  h i s t o - i n c o m p a t i b l e  h o s t s l - L  

I n  s t u d i e s  of  h u m o r a l  i m m u n i t y  i t h a s  b e e n  s h o w n  t h a t  
a n  i n c r e a s e d  a n t i b o d y  r e s p o n s e  to  s h e e p  r e d  cel ls  r e s u l t s  
w h e n  a d u l t  t h y m u s  a n d  b o n e  m a r r o w  cel ls  a r e  a l l o w e d  t o  
i n t e r a c t  i n  l e t h a l l y  i r r a d i a t e d  a d u l t  h o s t s  s - ~ .  T h e r e  h a v e  
b e e n  f u r t h e r  r e p o r t s  in  w h i c h  v a r i o u s  e x p e r i m e n t a l  
m o d e l s  w i t h  n o n - i r r a d i a t e d  h o s t s  h a v e  f a i l ed  t o  s h o w  a 
s y n e r g i s m  b e t w e e n  t h y m u s  cel ls  a n d  b o n e  m a r r o w  cel ls  
f r o m  a d u l t  d o n o r s  in  cel l  b o u n d  i m m u n e  r e a c t i o n s  ls-~7. 

T h e  p u r p o s e  of  t h e  p r e s e n ~  e x p e r i m e n t s  w a s  t o  d e t e r -  
m i n e  w h e t h e r  t h y m u s  a n d  b o n e  m a r r o w  cei ls  f r o m  n e w -  
b o r n  r a t s  w o u l d  be  ab l e  t o  a c t  s y n e r g i s t i c a l l y  d u r i n g  
G V H  r e a c t i o n  in  l e t h a l l y  i r r a d i a t e d  mi ce .  

Materials  and methods. E x p e r i m e n t a l  a n i m a l s :  12- 
w e e k - o l d  i n b r e d  m a l e  (C57 /31/6 ~ • D B A / 2  c~) B D F - 1  
m i c e  w e r e  u s e d  as  h o s t s .  Cel l  d o n o r s  w e r e  n e w b o r n  r a t s  
of  t h e  i n b r e d  s t r a i n  B d  I X  ~s. Isologous c o n t r o l  ce l ls  c a m e  
f r o m  6 - w e e k - o l d  B D F - 1  mi ce .  

X - i r r a d i a t i o n :  T h e  r e c i p i e n t s  r e c e i v e d  850 t a d  of  t o t a l  
b o d y  i r r a d i a t i o n  (220 K V ;  13,9 m A ;  55,18 r / m i n ~  H V L  
1 m m  Cu).  

Cel l  s u s p e n s i o n s :  T o  o b t a i n  t h y m u s  cel ls  t h e  t h y m u s e s  
w e r e  c u t  in  h a l f  a n d  p a s s e d  t h r o u g h  a n  80 m e s h  s t a i n l e s s  
s t e e l  s i e v e  in  co ld  B S S  m e d i u m  ( H a n k s )  u n d e r  a s e p t i c  
c o n d i t i o n s .  T h e  cel ls  w e r e  c e n t r i f u g e d  a t  a l ow  s p e e d  a n d  
t h e  s e d i m e n t  r e s u s p e n d e d  in  B S S - m e d i u m .  V i a b l e  cel l  
c o u n t s  w e r e  m a d e  w i t h  t r y p a n  b lue .  T o  i s o l a t e  b o n e  
m a r r o w  cei ls  s c a p u l a ,  h u m e r u s ,  f e m u r  a n d  t i b i a  we re  
r i n s e d  w i t h  2~ s t e r i l e  B S S - m e d i u m .  T h e  h o s t s  w e r e  
d i v i d e d  i n t o  3 g r o u p s  a l l  of  w h i c h  r e c e i v e d  i .v.  i n j e c t i o n s  
of  e i t h e r  t h y m u s  cel ls  (4 • 107 cel ls  p e r  a n i m a l ) ,  or  b o n e  
m a r r o w  cel ls  (4 • 107 cei ls  p e r  a n i m a l ) ,  o r  a c o m b i n a t i o n  
of  t h y m u s  a n d  b o n e  m a r r o w  cel ls  (3 • 107 cel ls  of  e a c h  
cell  t y p e  p e r  a n i m a l ) .  

P F C  a s s a y .  T h e  s p l e e n s  of  c h i m e r a s  w e r e  t e s t e d  o n  
h e m o l y s i n  f o r m i n g  cei ls  b y  t h e  t e c h n i q u e  o f  JEItNZE e t  
al .~L T o  d i s t i n g u i s h  b e t w e e n  d o n o r  a n d  h o s t  spec i f i c  
P F C ,  t h e  s p l e e n  cel ls  we re  p r e p a r e d  a s  d e s c r i b e d  in  
ea r l i e r  e x p e r i m e n t s  20. 

G V H  a s s a y .  T h e  c h i m e r a s  we re  e x a m i n e d  o n  s p l e e n  
e n l a r g e m e n t ,  loss  ill b o d y  w e i g h t  a n d  a n e m i a .  T h e  s p l e e n  
i n d e x  w a s  c a l c u l a t e d  b y  t h e  m e t h o d  of  SIMONSEN e t  al. 21 
M i c r o h e m a t o c r i t  d e t e r m i n a t i o n s  we re  m a d e  o n  b l o o d  
s a m p l e s  t a k e n  f r o m  t h e  r e t r o  o r b i t a l  p l e x u s .  

Results.  H o s t s  w h i c h  w e r e  o n l y  i n o c u l a t e d  w i t h  t h y m u s  
cel ls  d i e d  w i t h i n  t h e  f i r s t  21 d a y s  a f t e r  i r r a d i a t i o n  a n d  
cell  i n o c u l a t i o n .  S y m p t o m s  d u e  t o  a G V H  r e a c t i o n  c o u l d  
n o t  be  i d e n t i f i e d  ill t h e s e  h o s t s .  R e c i p i e n t s  of  b o n e  
m a r r o w  cel ls  a n d  r e c i p i e n t s  of  t h y m u s  a n d  b o n e  m a r r o w  
cel ls  w h i c h  s u r v i v e d  t h i s  i n t e r v a l  we re  t a k e n  for  f u r t h e r  
o b s e r v a t i o n .  
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Changes in spleen index and hematocrit  values of lethally irradiated mice, inoculated with thymus  (T), bone marrow (BM) or thymus  and bone 
marrow (T + BM) cells from newborn rats 

Days after irradiation 
and cell inoculation 

Average spleen index ~ of chimeras 
(isologous substi tuted controls) 

Mean hematocrit  values c (%) of chimeras/ 
isologous substi tuted controls 

T BM T + BM T BM T + BM 

10 0,79/0,82 0,81/0,89 0,83/0,86 38/35 37/39 37/38 
20 0,76/0,80 b 0,82/0,88 0,86/0,87 29/33 b 39/40 36/39 
30 0,89/0,91 0,98[0,89 42/43 38/41 
40 0,96/0,93 1,29/0,95 43/45 41/43 
50 1,16/0,98 1,47/0,97 43/46 37/45 
60 1,19/1,00 1,32/0,99 43/47 38/47 
70 1,10/1,05 1,21/1,07 44/47 40/48 
80 0,99/0,98 1,09/1,04 43/48 42/47 
9O O,97/0,99 1,11/1,09 43/47 43/48 

Indices gTeater than 1,20 represent splenomegaly. The number  of tested chimeras was 4-7per point, b Recipients of thymus  cells died within 
21 days after irradiation and cell inoculation, o Each point represents the mean of determinations made on 5 to 9 chimeras. 
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Hos t s  i nocu la t ed  w i t h  bone  m a r r o w  cells a lone  d id  no t  
show a s ign i f ican t  d e a t h  r a t e  wh ich  m i g h t  be  due to  a 
G V H  reac t ion  w i t h i n  a n  o b s e r v a t i o n  per iod  of 90 days.  
F r o m  t h e  50 th  to  60 th  d a y  a f t e r  celt inocula t ion ,  however ,  
t he  spleen to  b o d y  we igh t  r a t io  a l t e red  f rom t h a t  of 
isologous s u b s t i t u t e d  controls .  T he  ca lcu la ted  spleen 
i n d e x  was a t  t h e  u p p e r  level  of t he  n o r m a l  va lue  in  m o s t  
of t he  ch imeras  e x a m i n e d  d u r i n g  th i s  per iod  (Table).  The  
n u m b e r  of donor  t y p e  P F C  slowly increased  in these  
ch imera s  f rom t h e  30 th  to  60 th  day  and  decreased  
t h e r e a f t e r  (Figure).  

T h y m u s  a n d  bone  m a r r o w  cells c o m b i n e d  caused  in 
14% a m a r k e d  G V H  reac t ion  w i t h  sp lenomegaly ,  loss in  
b o d y  weight ,  de rmat i t i s ,  d i a r r h e a  a n d  anemia ,  wh ich  was 
followed b y  dea th .  I n  86% only  a t e m p o r a r y  G V H  
reac t ion  was deve loped  b y  th i s  cell com b i na t i on .  Ana lys i s  
of t he  F igure  shows t h a t  in  these  hos t s  b e t w e e n  t he  30 th  
a n d  50 th  day  t he  n u m b e r  of donor  t y p e  P F C  increased.  
D u r i n g  th i s  i n t e rva l  t h e  spleen i ndex  of t he  ch imeras  was 
g rea t e r  t h a n  t h a t  of t he  cont ro l s  a n d  t h e  h e m a t o c r i t  was  
r educed  to  be low t h e  con t ro l  va lues  (Table).  F u r t h e r  
ana lys i s  of t he  d a t a  show t h a t  donor  P F C  b e g a n  to 
decrease  be tween  t he  50 th  to  60 th  d a y  a f te r  cell inocula-  
t ion.  L a t e r  on  t he  spleen size b e c a m e  n o r m a l  a n d  a n e m i a  
was r educed  b u t  r e m a i n e d  s l igh t ly  be low t he  con t ro l  
values.  

Discussion. The  p re sen t  d a t a  d e m o n s t r a t e  t h a t  t h y m u s  
or bone  m a r r o w  cells a lone  f rom n e w b o r n  r a t s  were n o t  
capab le  of caus ing  a m e a s u r a b l e  g ra f t  versus  hos t  reac t ion .  
On t h e  o t h e r  h a n d ,  t h e  c o m b i n a t i o n  of these  two  cell 
t ypes  p roduced  m a r k e d  G V H  s y m p t o m s  so t h a t  i t  m a y  be 
conc luded  t h a t  t h i s  G V H  reac t ion  is t he  resu l t  of a 
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Rat specific PFC produced in the spleens of lethally irradiated mice 
injected with thymus ceils (ll---ll), bone marrow cells (A--A) and 
a mixed inoculum of thymus and bone marrow cells (O---�9 from 
newborn rats. The chimeras were sensitized to SRBC with 0.2 ml 
of a 20% SRBC suspension per animal 5 days prior to the PFC 
assays. The standard errors are denoted by the mean of determi- 
nations made on 4 to 7 mice. 

synerg is t ic  ac t ion  b e t w e e n  d o n o r  t h y m u s  alid bone  
m a r r o w  cells. I t  is n o t  c lear  w h e t h e r  t he  m e c h a n i s m  
invo lved  in G V H  reac t i on  is to  be  u n d e r s t o o d  only  in 
t e r m s  of cel lular  or h u m o r a l  i m m u n i t y .  The  a p p e a r a n c e  of 
special  cells (pyron inophi l i c  ceils) w i t h  a d e s t r u c t i v e  
power  in t he  en la rged  spleen and  o t h e r  o rgans  ~2, 23 po in t s  
to  a process  in  wh ich  cel lular  i m m u n i t y  is involved ,  a n d  
t he  basic  m e c h a n i s m  of th i s  process  m a y  be  d i f fe ren t  f rom 
t h a t  seen in  t h e  h u m o r a l  i m m u n e  responseS, 9,2~, 1~. On 
t he  o the r  hand ,  t he  increas ing  n u m b e r  of hemolys in -  
fo rming  ceils in  t e m p o r a l  accordance  w i t h  t he  increase  
of G V H  s y m p t o m s ,  as ha s  been  shown  in ear l ier  exper i -  
m e n t s  2~ po in t s  to  a complex  m e c h a n i s m  in wh ich  t he  
hos t s '  h i s t o c o m p a t i b i l i t y  an t igens  are  also af fec ted  b y  
h u m o r a l  an t ibodies .  I t  c a n n o t  be  dec ided  wh ich  mecha -  
n i sm  ( the one based  on  cellular,  or on  h u m o r a l  i m m u n i t y )  
causes t he  G V H  reac t ion  for  t h e  mos t  p a r t ;  b u t  i t  seems 
possible  t h a t  t he  s t r u c t u r e  of o rgans  is de s t royed  in t h e  
way  of cel lular  i m m u n i t y ,  whereas  r ap id ly  growing  
cel lular  sys t ems  (e ry thropoie t i c  sy s t em;  ha i r  bu i ld ing  
cells; ge rm cells) are m a i n l y  af fec ted  b y  h u m o r a l  i m m u -  
n i ty .  

As ind ica t ed  b y  t h i s  s t u d y  t he  l a t t e r  p o i n t  of v iew m a y  
be  s u p p o r t e d  b y  t he  s t r i k ing  cor re la t ion  of inc reas ing  
donor  P F C  a n d  inc reas ing  a n e m i a  (compar i son  of t he  
t ab l e  and  t he  figure) a n d  t he  decrease  in  t he  n u m b e r  of 
donor  P F C  a n d  t he  decrease  of anemia .  

Moreover,  i t  is w o r t h  n o t i n g  t h a t  cells a t  a n  ear ly  s tage  
of deve lopmen t ,  in  wh ich  to le rance  is r e l a t ive ly  easy  to 
induce  25, 26, are capab le  of caus ing  a G V H  reaction*7. 

Zusammen/assung. T h y m u s -  u n d  K n o c h e n m a r k z e l l e n  
yon  n e o n a t a l e n  R o t t e n  w u r d e n  in le ta l  b e s t r a h l t e  M~iuse 
inocul ier t .  T h y m u s -  oder  K n o c h e n m a r k z e l l e n  al le in  er- 
zeug ten  ke ine  messba re  immuno log i sche  R e a k t i o n  gegen 
den  Wir t .  E ine  I ~ o m b i n a t i o n  be ider  Ze l l a r t en  ve ru r -  
sach te  j edoch  eine G V H - R e a k t i o n  (Synerg ismus) .  N e b e n  
e iner  Sch/ id igung d u r c h  zellul/ire I m m u n r e a k t i o n e n  
sche inen  besonders  die Wechse lgewebe  (e ry th ropoe t i -  
sches S y s t e m  etc.) des Wi r t s t i e r e s  a u c h  auf  h u m o r a l e m  
Wege  angegr i f fen  zu werden.  
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Eradication of Lymphoma Cells with Allogeneic Immune Peritoneal Cells 

One of t h e  m o s t  i n t e r e s t i ng  d e v e l o p m e n t s  in  t he  field of 
t u m o u r - i m m u n o l o g y  is t he  ev idence  t h a t  b o t h  al logeneic 
i m m u n e  p e r i t o n e a l  m a c r o p h a g e s  z-a and  l m p h o c y t e s  4 are  
cy to tox ic  t o w a r d s  t u m o u r  cells. DEN OTTER et  al. 3 h a v e  

shown  in in v i t ro  e x p e r i m e n t s  t h a t  a l logeneic  i m m u n e  
pe r i tonea l  m a c r o p h a g e s  f rom C57BL mice are  v e r y  cyto-  
toxic  t owards  D B A / 2  der ived  t a r g e t  cells (SL2 l y m p h o m a  
cells) r e su l t ing  in lysis of t he  t a r g e t  cells w i t h i n  9 h. On 


