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In vitro Pr imary  I m m u n e  Response  Result ing f rom the Interaction Between  Bone Marrow-Der ived  
and T h y m u s  Cells t 

I n  v ivo  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  t he  p r i m a r y  
response  to sheep  red  b lood  cells (RBC) depends  on  t he  
i n t e r a c t i o n  b e t w e e n  bone  m a r r o w - d e r i v e d  and  t h y m u s -  
der ived  cells ~-4. An t i - sheep  RB C an t ibod ie s  r e su l t ing  
f rom th i s  in t e rac t ion ,  as i t  occurs  in  i m m u n i z e d  mice  
which  h a v e  been  t h y m e c t o m i z e d  in a d u l t  life, i r rad ia ted ,  
a n d  r e c o n s t i t u t e d  b y  t h y m u s  gra f t  a n d  bone  m a r r o w  cell 
in ject ion,  were shown  to be  p roduced  b y  bone  m ar row-  
der ived  ceils b u t  n o t  b y  t h y m u s - d e r i v e d  cells 5. This  f ind-  
ing was conf i rmed  in  t h y m e c t o m i z e d  bone  m a r r o w  
ch imera s  and  e x t e n d e d  to  n e o n a t a l l y  t h y m e c t o m i z e d  
mice, b o t h  r e c o n s t i t u t e d  b y  the  in j ec t ion  of t h y m u s  
cells 6,7. 

The  obse rva t i ons  descr ibed  below d e m o n s t r a t e  t h a t  t he  
i n t e r ac t i on  b e t w e e n  b o n e  m a r r o w - d e r i v e d  and  t h y m u s  
cells can  t ake  place in v i t ro .  P r i m a r y  response  can, indeed,  
be  i nduced  in v i t ro  on ly  if b o t h  cell t ypes  are cu l tu red  
w i t h  sheep RBC.  

Mater ials  and methods. The  i n t e r ac t i on  be t w een  t h y m u s  
cells f rom n o r m a l  donors  a n d  spleen cells f rom e i the r  
t h y m e c t o m i z e d  bone  m a r r o w  r a d i a t i o n  ch imeras  or neo- 
n a t a l l y  t h y m e c t o m i z e d  mice  was i nves t i ga t ed  b y  t he  
1VilSHELL a n d  DUTTON t e c h n i q u e  s w h e r e b y  n o r m a l  mouse  
spleen cells can  be  s t i m u l a t e d  in v i t ro  w i t h  sheep R B C  to  
give rise to  h e m o l y t i c  p l aque  fo rming  cells (PFC). Suspen-  
sions of t h y m u s ,  spleen,  or  bone  m a r r o w  cells, a n d  of 
sheep R B C  were p r e p a r e d  as p rev ious ly  descr ibed 9, t0. 

I n  one  series of expe r imen t s ,  male  C 3 H e B / F e J  mice  
were used to s t u d y  t he  i n t e r a c t i o n  be t w een  t h y m u s  cells 
f rom n o r m a l  donors  and  spleen cells f rom t h y m e c t o m i z e d  
bone  m a r r o w  r a d i a t i o n  ch imeras ,  wh ich  h a d  been  pre-  
pa red  as p rev ious ly  descr ibed  9. For  each  cell cu l tu re  ex- 
pe r imen t ,  g roups  of 5 mice  were sacrif iced and  used as 
t h y m u s  or spleen donors .  T h y m u s e s  were r e m o v e d  f rom 
4-week-old n o r m a l  mice, pooled,  and  d issocia ted  in cell 
suspension.  Spleens  were r e m o v e d  f rom mice  of each  of 
t he  fol lowing 3 g roups :  12-week-old n o r m a l  mice, t h y m e c -  
t omized  or s h a m - o p e r a t e d  ch imeras  6 weeks  a f te r  i r radia-  
t ion  a n d  bone  m a r r o w  t r a n s p l a n t a t i o n .  Spleens were 
pooled  w i t h i n  each  group  and  dissocia ted  in cell suspen-  
sions. Af te r  washing ,  t he  t h y m u s  a n d  spleen cell suspen-  
sions were a d j u s t e d  to t h e  desired cell concen t r a t i ons  and  
d i s t r i b u t e d  in 6 series of cu l tu re  dishes. The  nuc lea t ed  cell 
c o n t e n t  pe r  d i sh  of a series was  one of t he  fol lowing:  
1 . 5 X 1 0  v n o r m a l  spleen cells; 1.5 • 107 spleen cells 
f rom s h a m - o p e r a t e d  ch imera s ;  1 .5 •  107 spleen cells 
f rom t h y m e c t o m i z e d  c h i m e r a s ;  1 •  107 n o r m a l  t h y m u s  
cells a n d  1 .5•  spleen cells f rom t h y m e c t o m i z e d  
ch imera s ;  1 • 107 n o r m a l  t h y m u s  cells; 1 • 10 v n o r m a l  
t h y m u s  cells a n d  1 .5x107  spleen cells f rom sham-  
ope ra t ed  ch imeras .  A n t i g e n  ( 1 •  s sheep RBC) was 
added  to  a ha l f  of t he  cu l tu re  dishes of each  series. The  
vo lume  of t he  f ina l  cell suspens ion  per  d ish  was 1 ml.  
F r o m  d a y  3 on, cells cu l tu red  w i t h  or w i t h o u t  a n t i g e n  
were h a r v e s t e d  da i ly  f rom 2 dishes of t h e  same series, 
pooled,  washed  and  assayed  for t he  n u m b e r  of P F C  b y  
t he  JERNE t e c h n i q u e  n.  

I n  a n o t h e r  series of exper imen t s ,  ma le  1 )BA/2J  mice 
were used to  i nves t i ga t e  t h e  i n t e r ac t i on  b e t w e e n  t h y m u s  
cells f rom n o r m a l  donors  a n d  spleen cells f r om n e o n a t a l l y  
t h y m e c t o m i z e d  donors .  T he  cell suspens ions  used in each  
cu l tu re  e x p e r i m e n t  were t he  fol lowing:  t h y m u s  cells f rom 
4-week-old n o r m a l  donors,  spleen cells f r om 12-week-old 
n o r m a l  donors,  a n d  spleen cells f rom 6-week-old donors  
which  h a d  been  t h y m e c t o m i z e d  or  s h a m - o p e r a t e d  a t  
b i r th .  Cells were d i s t r i b u t e d  in c u l t u r e  dishes  in  t he  same  

n u m b e r s  accord ing  to  t he  same  des ign as for the  exper i -  
m e n t s  w i t h  r a d i a t i o n  ch imeras .  

Results  and discussion. R e l e v a n t  d a t a  f rom a typ ica l  
e x p e r i m e n t  are  r epo r t ed  in F igure  1, wh ich  i l lus t ra tes  t he  
effect  of t he  i n t e r a c t i o n  be tween  t h y m u s  cells f rom n o r m a l  
donors  and  spleen cells f rom t h y m e c t o m i z e d  ch imeras  on  
t he  p r i m a r y  response  in vi t ro .  The  p e a k  m e a n  n u m b e r  of 
P F C  pe r  d ish  r e su l t ing  f rom the  an t igen ic  s t i m u l a t i o n  of 
th i s  cell m i x t u r e  was s l ight ly  h igher  a n d  appea red  one d a y  
l a t e r  t h a n  t h a t  p roduced  b y  t he  response  of n o r m a l  spleen 
cells. Ne i t he r  spleen cells f rom t h y m e c t o m i z e d  ch imeras  
nor  n o r m a l  t h y m u s  cells ever  p roduced  more  ttzan 100 
P F C  per  d ish  w h e n  s t i m u l a t e d  in s epa ra t e  cul tures .  Re- 
sul ts  of t he  con t ro l  cu l tu res  no t  shown in F igure  1 indi-  
ca ted  t h a t :  (1) I n  v i t ro  s t i m u l a t i o n  of spleen cells f rom 
s h a m - o p e r a t e d  ch imeras  cu l tu red  a lone or w i t h  n o r m a l  
t h y m u s  cells gave  rise to  n u m b e r s  of P F C  c o m p a r a b l e  to  
those  resu l t ing  f rom t h e  s t i m u l a t i o n  of n o r m a l  spleen 
cells. (2) W h e n  no an t igen  was added  to  cu l tu res  less t h a n  
100 P F C  per  d i sh  were obse rved  in all series. As shown  b y  
t he  m e a n  n u m b e r  of P F C  on d a y  5 a f t e r  an t igen ic  s t imu-  
lat ion,  t he  i m m u n e  response  of spleen cells f rom t h y m e c -  
tomized  ch imera s  cu l tu red  w i t h  n o r m a l  t h y m u s  cells was  
found  to be  a t  leas t  36-fold g rea t e r  t h a n  t he  response  of 

1000 

o_ 

I00 

i ] t 

3 ~ 5 6 7 
Days 0t culture 

Fig. 1. In vitro primary response to sheep RBC by thymus cells from 
normal donors and spleen cells from thymectomized bone marrow 
chinleras, V--V, thymus cells; &--A, spleen cells from thymec- 
tomized chimeras; []--[B, thymus cells and spleen cells from thymee- 
tomized chimeras; �9169 spleen cells from normal donors. 
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e i ther  cell t y p e  cul tured  separately .  This  e n h a n c e m e n t  
c anno t  be accounted  for by  the  higher  cell concen t ra t ion  
of t he  mixed cell culture,  as shown by  the  results  of the  
following exper iment .  E i the r  1.5•  107 or 2.5 • 107 
nuclea ted  spleen cells f rom sham-ope ra t ed  chimeras  were 
cul tured  wi th  sheep RBC in 1 ml of medium.  The peak  
response  of the  2.5 • 107 cells was never  more  t h a n  2-fold 
grea te r  t h a n  t h a t  of the  1.5 • 107 cells. 

The  in te rac t ion  be tween  t h y m u s  cells f rom normal  
donors  and spleen cells f rom neona ta l ly  t hymec to mi zed  
donors  is i l lus t ra ted  in Figure 2. As in the  rad ia t ion  
ch imera  exper iments ,  the  peak  mean  n u m b e r  of P F C  per  
d ish  resul t ing f rom the  s t imula t ion  of normal  t h y m u s  
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Fig. 2. in vitro primary response to sheep RBC by thymus cells 
from normal donors and spleen cells from neonatally thymeetomizcd 
donors, g --V, thymus ceils ; & --&, spleen cells from thymeetomized 
donors; tD--[/, thymus cells and spleen cells from thymeetomized 
donors; � 9  O, spleen ceils from normal donors. 

cells mixed  wi th  spleen cells f rom t h y m e c t o m i z e d  donors  
was  higher  and  appeared  one day  la ter  t h a n  t h a t  pro- 
duced  by  the  response of normal  spleen cells. The response  
of t he  mixed  ceils was a t  least  70-fold grea ter  t h a n  t h a t  of 
e i ther  cell t ype  s t imula ted  in separa te  cell cultures.  Re-  
sul ts  of the  control  cul tures  no t  shown in Figure  2 were 
ve ry  similar to those  descr ibed in the  previous  expe r imen t  
wi th  rad ia t ion  chimeras.  

I t  is w o r t h  men t ion ing  t h a t  using male  D BA / 2 J  or 
C3HeB/FeJ  normal  mice t h y m u s  cells f rom 4-week-old 
donors  and  bone  mar row cells f rom 12-week-old donors  
r epea ted ly  failed to  produce  P F C  w h e n  s t imula ted  wi th  
sheep RBC in mixed  or separa te  cultures,  even when  as 
m a n y  as 3 • 107 nuclea ted  bone mar ro w  cells (the mos t  
t h a t  could be ob ta ined  f rom 4 femurs) were  cul tured  wi th  
1 • 107 nuclea ted  t h y m u s  ceils. The unrespons iveness  of 
this  cell m ix tu re  suggests  t h a t  the  femura l  mar row of an 
adul t  mouse  has  too few cells, if any, able to  in te rac t  wi th  
t h y m u s  cells in vi tro.  The in te rac t ion  observed  when  spleen 
cells f rom t h y m e c t o m i z e d  bone mar row chimeras  were 
used, indicates  t h a t  bone  mar row ceils able to  in te rac t  in 
v i t ro  or the i r  precursors  had  prol i fera ted  or d i f fe rent ia ted  
to  such an ex t en t  t h a t  enough d i f fe ren t ia ted  ceils could 
be found in the  spleen of the  i r rad ia ted  recipients  45 days  
af ter  bone mar ro w  t r ansp lan ta t ion .  These  prol i fera t ive  
and  d i f ferent ia t ive  events  can occur  in the  absence of 
t hymus ,  as d e m o n s t r a t e d  by  the  resul ts  wi th  spleen cells 
f rom ei ther  t h y m e c t o m i z e d  ch imeras  or neona ta l ly  
t h y m e c t o m i z e d  mice. In  t he  la t t e r  case, the  bone mar row 
origin of the  spleen cells able to in te rac t  wi th  t h y m u s  
cells in v i t ro  remains  to  be d e t e r m i n e d .  

Riassunto. Globuli rossi di  pecora  inducono in vi tro,  in 
col ture mis te  di cellule spleniche di top i  t imec tomizza t i  e 
t imoci t i  di topi  normali ,  una  r i spos ta  i mmu n e  di t ipo 
emoli t ico paragonabi le  a quella di cellule spleniche di topi  
normali .  I daf t  indicano che la r i spos ta  i mmu n e  delle 
colture miste  r isulta da l l ' in teraz ione  de l l ' an t igene  con 
t imoci t i  e cellule spleniche di origine rnidollare. 
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Molecular Hybridizat ion of RNA from Chicken Spleen Cells after I m m u n i z a t i o n  

Recen t  s tudies  have  shown t h a t  new R N A  species 
appear  in mouse  spleen or per i toneal  exuda te  cells af ter  
in vivo 1 or in vi t ro  2 exposure  to e ry th rocy te  ant igens.  
Direct  hybr id iza t ion  of labelled R N A  and  compe t i t ion  
exper imen t s  indica ted  t h a t  d i f ferent  R N A  species ap- 
peared  wi th  d i f ferent  ant igens.  The a im of t he  p resen t  
work  was to  conf i rm these  resul ts  using chicken spleen 
cells a t  var ious  t imes  af ter  immuniza t ion  wi th  a soluble 
ant igen.  

Adul t  Whi t e  Leghorn  chickens were in jec ted  i.v. wi th  
200 mg  of h u m a n  serum a lbumin  (HSA) per  1 kg of body  
weight .  The spleens were excised be tween  the  1st and  5th 
day  af ter  immuniza t ion .  Spleens were minced  by  scissors 
and  b o t h  washed  cells and  f r agment s  were suspenedd  in 
Eagle ' s  MEM med ium wi thou t  phospha te .  The mix tu re  

of f r agment s  and cells f rom 5-10 chickens was incuba ted  
in a to ta l  volume of 100-200 ml of med ium.  P32-1abelled 
p h o s p h a t e  (Na2HPO 4, carr ier  free, G m b H  Isocomerz,  
Berl in-Buch) was added  to a final concen t ra t ion  of 100 ~xc 
per  ml. I ncuba t i on  was s topped  af ter  1 h by  cooling in an 
ice-bath,  t he  ceils were collected b y  cen t r i fuga t ion  and 
frozen. 

R N A  was isolated f rom the  cells in a mix tu re  of equal  
volumes  of wa te r  s a tu r a t ed  phenol  and  0 .05M sodium 
ace ta te  (pH 5.5) con ta in ing  0 .005M E D T A  and  0.5% 
benton i te .  Successive ex t rac t ions  were carried ou t  a t  25 
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