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Introduction of sheep 's  e ry throcytes  into a culture of rabbit  spleen cells leads to the appearance of 
cells in the culture synthesizing specific antibodies detectable by the reaction of local hemolysis  in gel. 
The number of antibody-forming cells reaches  a maximum 48 h af ter  in t roduct ionofery throeytes  into a eul-  
tu re  of spleen ceils  f rom intact rabbits and 24 h after  their introduction into a culture of spleen ceils f rom 
rabbits pre l iminar i ly  sensi t ized with sheep 's  erythroeytes .  

Until recent ly  it was considered impossible to obtain a p r ima ry  response by immunizing a t issue 
culture obtained from the spleen of intact animals,  despite individual investigations [1, 3, 4, 61 in which 
p r ima ry  immunization was reproduced in vitro. 

Successful induction of antibody formation in vitro is possible if a highly sensit ive model in used and 
cells are  obtained from lymphoid organs by a gentle procedure .  The quality of the nutrient medium and 
sensit ivity of the method used to detect antibodies in the cells are  also of considerable importance.  

In the present  investigation we studied the possibility of obtaining an immune response in a culture of 
rabbit  spleen cells after t reatment  with antigen in vitro. 

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

To reproduce p r i m a r y  antigenic st imulation in vi t ro,  cultures of cells were  obtained f rom the spleens 
of intact rabbits or  of rabbits receiving 50-75 ml 2% peptone with 0.2% gelation by intraperi toneal  injection 
72 h before  sacr i f ice .  In the experiments with secondary stimulation in vitro the spleen was taken from 
rabbits 72 h after  intravenous immunization with sheep 's  e ry throcytes  (0.5 ml of a 20% suspension).  

Pieces  of spleen, chopped up with pointed sc i s so r s ,  were washed with medium No. 199 and t reated 
with 0.25% trypsin solution for 1 min. The cell suspension obtained by washing and trypsinizat ion of the 
fragments  was discarded.  Next 4-5 ml of medium No. 199 was added to the f ragments  which were  sucked 
up and down with a pipet in the medium; af ter  standing for  a short  time the cells  contained in the superna-  
tant were removed by centrifugation and resuspended in medium No. 199. The pieces of spleen were again 
t rypsinized and washed. Next, cells were carefully expressed from the remaining fragments  in an unground 
homogenizer ,  fi l tered, centrifuged (2 min at 700 rpm), and resuspended.  All the portions of cells were 

TABLE 1. Number of  Plaques (per 106 cells) after  P r i m a r y  Antigenic 
Stimulation in Vitro 
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1 

3 ,3  

N u m b e r  o f  p l aques  

Af ter  i n c u b a t i o n  

24~l 48~ 72h  

- -  3 141 - -  
- -  3 000 
- -  1 048 275 
444 725 35 

620 385 
5-07 611 83 
- -  465 - -  
- -  398 261 

1 19,5 
11 20 
12 - -  
13 22 
14 6 ,5  
15 10,0 

N u m b e r  o f  p l aques  

After  i n c u b a t i o n  

24h 48h 7 2 h  

313 286 
115  

8 0 
-- 7,6 -- 
O 0 -- 0 0: 
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T A B L E  2. N u m b e r  of P l a q u e s  (pe r  1 0 6 c e l l s ) d u r i n g  

Cu l t i va t i on  of Sp leen  C e l l s  on F i l m s  of M a e r o p h a g e s  
and wi thout  T h e m .  

Culture 

Spleen cells + sheep's 
erythrocytes 

Spleen ceils + macro- 
phages + sheep's 
erythrocytes 

1 2 

7 15 

88 33 

Ex ~eriment No, 
3 4 I 5 

/ 

115 313 [ 398 

267 1453 12918 

J 
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758 

T A B L E  3. N u m b e r  of  P l a q u e s  ( p e r  10GCells) 
24 and 48 h a f t e r  An t igen ic  S t i m u l a t i o n  In 
V i t r o  of  Spleen  C e l l s  f r o m  an I m m u n e  R a b b i t  

1 465 
2 158 
3 38 

Number  of p l a q u e s  
after 24 h after 48 h 

expt. control expt. control 

1 737 
16 743 
1 888 

600 670 
662 3 870 
101 777 l0 

c oo l e d ,  coun ted  in a G o r y a e v  count ing  c h a m b e r ,  and p o u r e d  
into t e s t  t ubes  a t  the r a t e  of 3 m i l l i o n  c e l l s  in 1.5 ml  
m e d i u m .  The  m e d i u m  in the  tubes  was  changed  a f t e r  
i ncuba t ion  fo r  24 h. 

In s o m e  p a r a l l e l  e x p e r i m e n t s  s p l e e n  c e l l s  w e r e  
added  to t e s t  t ubes  onto l a y e r s  of  m a c r o p h a g e s  (10,000 
c e l l s  p e r  t e s t  tube) ,  p r e l i m i n a r i l y  a l lowed  to s p r e a d  fo r  
30 rain,  to which  s h e e p ' s  e r y t h r o c y t e s  w e r e  added .  
Med ium No. 199 con ta in ing  10% i n a c t i v a t e d  r a b b i t  
s e r u m ,  but  wi thout  a n t i b i o t i c s ,  was  used  fo r  c u l -  
t i va t ion .  

W a s h e d  s h e e p ' s  o r  r a t ' s  e r y t h r o c y t e s  w e r e  added  to the c e l l  c u l t u r e  a t  the  r a t e  of  1 e r y t h r o c y t e  
p e r  50 s p l e e n  c e l l s  i m m e d i a t e l y  a f t e r  p r o d u c t i o n  of  the  c u l t u r e .  

A n t i b o d y - s y n t h e s i z i n g  c e l l s  w e r e  d e t e c t e d  b y  J e r n e ' s  me thod  24, 48, and 72 h a f t e r  add i t i on  of  
an t igen .  The  c e l l s ,  which  had  s p r e a d  out  o v e r  the  g l a s s  w a i l s ,  w e r e  r e m o v e d  m e c h a n i c a l l y  and i n v e s t i g a t e d  
a long  the c e l l s  f r e e l y  f loa t ing  in the c u l t u r e  f lu id .  In c o n t r a s t  to J e r n e ' s  o r g i n a l  me thod ,  to d e t e c t  the  
p l a q u e s  m o r e  c l e a r l y ,  c e l l s  wi th  s h e e p ' s  e r y t h r o c y t e s  in 0.7% a g a r  w e r e  p l a c e d  on a thin a g a r  b a s e  l a y e r  
(2 .5-3  m m  a g a r  p o u r e d  into a d i s h  wi th  r a d i u s  4.5 cm) .  By th i s  m o d i f i c a t i o n  of the me thod  i t  was  p o s s i b l e  
to d e t e c t  v e r y  s m a l l  p l a q u e s ,  which  would be  i m p o s s i b l e  wi th  the  u sua l  a g a r  p l a t e s .  

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

In a c u l t u r e  of  s p l e e n  c e l l s  o b t a i n e d  f r o m  i n t a c t  r a b b i t s ,  h e m o l y t i c  p l a q u e s  d e t e c t e d  by  J e r n e ' s  
m e t h o d  w e r e  o b s e r v e d  24, 48, and 72 h a f t e r  add i t i on  of  s h e e p ' s  e r y t h r o c y t e s  to the cel l  c u l t u r e  (Tab le  1). 
The  n u m b e r  of  p l a q u e s  r e a c h e d  a m a x i m u m  48 h a f t e r  p r i m a r y  s t i m u l a t i o n  of the c e l l s  ( T a b l e  1). 

In 10 of the  15 e x p e r i m e n t s  ( each  e x p e r i m e n t  c o n s i s t i n g  of  i n v e s t i g a t i o n  of s p l e e n  c e i l s  f r o m  one 
r a b b i t  ) n u m e r o u s  p l a q u e s  w e r e  o b s e r v e d  (in 3 c a s e s  m o r e  than 1000 and in 7 b e t w e e n  100 and 1000), in 3 
e x p e r i m e n t s  t h e r e  w e r e  f e w e r  than 50 p l a q u e s ,  and in 2 e x p e r i m e n t s  c e l l s  s y n t h e s i z i n g  a n t i b o d i e s  w e r e  
c o m p l e t e l y  absen t .  The  n u m b e r  of  c e i l s  s y n t h e s i z i n g  a n t i b o d i e s  in v i t r o  e v i d e n t l y  depends  on the i m m u n o -  
logic  r e a c t i v i t y  of the r a b b i t  and the func t iona l  s t a t e  of  the  c e l l s .  

tn  the  c o n t r o l  e x p e r i m e n t s ,  when s p l e e n  c e l l s  w e r e  c u l t i v a t e d  wi thout  the add i t i on  of  s h e e p ' s  e r y -  
t h r o c y t e s  o r  when o t h e r  an t igens  w e r e  added  to the c u l t u r e  ( r a t ' s  e r y t h r o c y t e s  o r  LPA) ,  only  a few c e i l s  
(not m o r e  than  20 p e r  106 ce i l s )  g iv ing  p l a q u e s  in the  a g a r  w e r e  found. 

H e m o l y t i c  p l a q u e s  found a f t e r  p r i m a r y  a n t i g e n i c  s t i m u l a t i o n  w e r e  v e r y  s m a l l  and w e r e  not a l w a y s  
c i r c u l a r .  

In 9 e x p e r i m e n t s  s p l e e n  c e l l s  w e r e  a d d e d  to m a c r o p h a g e s  s p r e a d  o v e r  the tube w a i l s .  In  6 of t h e s e  
e x p e r i m e n t s  t h e r e  was  a c o n s i d e r a b l e  (2-7  t imes )  i n c r e a s e  in the  n u m b e r  of  c e l l s  p r o d u c i n g  a n t i b o d i e s  
c o m p a r e d  with  the s a m e  s p l e e n  c u l t u r e  i ncuba ted  wi th  s h e e p ' s  e r y t h r o c y t e s  but  wi thout  add i t i on  of m a c -  
r o p h a g e s  (Table  2). 
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After  secondary  antigenic s t imulat ion of the cell  cul ture  of spleen obtained f rom an immunized  
rabbit ,  a cons iderable  i nc rea se  (3-30 t imes) was observed  in the number  of ce l l s  producing antibodies 
compared  with the s a m e  unst imulated cul ture  (control).  

In cont ras t  to p r i m a r y  antigenic s t imulat ion,  the l a r g e s t n u m b e r  of hemolyt ic  plaques in the ca se  
of secondary  antigenic s t imulat ion of the cel ls  was observed  a f te r  24 h (Table 3). 

The resu l t s  descr ibed  show that if spleen cell  suspensions  a re  obtained by a gentle method the 
cel ls  re ta in  high functional act ivi ty in vi tro,  as shown by the possibi l i ty  of reproduct ion  of antibody syn-  
thes is  by isolated spleen cel ls  during both p r i m a r y  and secondary  antigenic s t imulat ion.  

In their  cell  composi t ion the cell  cu l tures  used contained cel ls  of lymphoid type, mac rophages ,  
and re t iculum cel ls .  P r i m a r y  and secondary  antigenic s t imulat ion in v i t ro  show a number  of specia l  f ea -  
tures:  ve ry  slight var ia t ion  in the number  of cel ls  in exper imenta l  and control  s amples  together  with a 
sharp  inc rease  in the number  of plaques in the exper imenta l  samples ,  absence  of mi toses  in the f i r s t  48 h, 
and the ea r ly  (24 h) appearance  of ant ibody-producing cel ls .  These  facts  suggest  that antibody synthesis  
in v i t ro  is independent of cel l  p ro l i f e ra t ion ,  in a g r e e m e n t  with views e x p r e s s e d  by o ther  inves t iga tors  [2, 5]. 

Considerable  s t imulat ion of synthesis  in some exper iments  on the addition of per i toneal  macrophages  
may perhaps  be  a t t r ibutable  to the m o r e  rapid  absorpt ion of antigen by cel ls  of the in f l ammato ry  exudate 
(not t r aumat ized  as during f ragmenta t ion  of the spleen) and to act ive r e so rp t ion  of cell  debr is  which is in -  
evitably p re sen t  in the cu l tures .  
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