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The number  of antibody p r o d u c e r s  in a mixed cul ture  of lymph-gland cel ls  obtained at  the 
peak of the p r i m a r y  or  secondary  response  in mice  immunized  with sheep ' s  red cel ls  and 
intact  b o n e - m a r r o w  cel ls  was de te rmined  by J e r n e ' s  method.  During combined cul ture  of 

�9 these ce l l s  the number  of antibody p roduce r s  was 2-4 t imes  g r e a t e r  than in a monocul ture  
of immune lymph-gland cells;  by 9-11 h of combined cultivation the number  of antibody- 
synthesiz ing cel ls  reached a max imum.  Meanwhile the ra te  of su rv iva l  of the cel ls  was 
identical  in monocul tures  and mixed cul tures  throughout the per iod of cultivation. It is 
pos tula ted  that during combined incubation of immune lymph-gland cel ls  and intact  bone-  
m a r r o w  cel ls ,  an ex t ra  contingent of cel ls  f rom one of the two populations in cul ture  p a r -  
t ic ipates  in antibody synthes is .  
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Recent  invest igat ions  have shown the need for  in teract ion between two or  m o r e  types of cel ls  for  in-  
duction of the immune  r e sponse  to occur  [6, 7, 10]o Besides  cel l  cooperat ion,  in terac t ion  leading to an in- 
c r ea sed  immune  r e sponse  at the level  of ma tu re  antibody p roduce r s  is a l so  poss ib le  in the init ial  s tages of 
immunogenes i s  [11]. Fo r  instance,  combined culture of lymph-gland cel ls  taken at the peak of the immune 
response  f rom animals  immunized with horse  Y-globulin with intact  spleen or  b o n e - m a r r o w  cel ls  leads to 
a two- o r  threefold  inc rease  in the quantity of antibodies and of nonspecif ic  immunoglobulins  [2, 3]. This 
i nc rea se  in the quantity of antibodies is not due to s t imulat ion of pro te in  synthes is  in exist ing antibody p r o -  
ducers ,  but to the appearance  of new cel ls  synthesizing antibodies of the same  specif ic i ty  [9]. The s t imu-  
lation effect  in a mixed culture of immune lymph-g land  and intact b o n e - m a r r o w  cel l s  was f i r s t  obtained with 
the cel ls  of an imals  immunized  with horse  Y-globulin.  

To de te rmine  whether  this phenomenon is observed  when co rpuscu la r  antigens a r e  used, in the inves-  
t igation descr ibed  below cel ls  of an imals  immunized  with sheep ' s  e ry th rocy te s  were  used. 

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

Mice of l ines CBA, A, C57BL, and F 1 (CBA x C57BL) weighing 18-22 g were  immunized  with 0ol ml 
of a 107o suspension of sheep ' s  red cel ls ,  injected into the p lan ta r  pad. The animals  were  killed by decapi-  
tation, and the ax i l la ry  and inguinal lymph glands were  removed  f rom them with s t e r i l e  precaut ions .  P r e p -  
a ra t ion  of the cel l  suspensions  and cultivation of the cel ls  was c a r r i e d  out as descr ibed  e a r l i e r  [2]. Af ter  
cult ivation for  18-20 h the number  of ant ibody-producing cel ls  in the cul tures  was de te rmined  by J e r n e ' s  
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T A B L E  1. St imulat ion of I m m u n e  Response  dur ing  Combined  Cul-  
t iva t ion of Cel ls  of Di f fe ren t  His to log ica l  Or ig in  
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Fig.  1. Changes  in n u m b e r  of ant ibody p r o d u c e r s  
(a) and v iable  ce l l s  (b) in m o n o c u l t u r e s  (1) and 
mixed cu l tu r e s  (2) dur ing  cul t iva t ion.  A b s c i s s a ,  
t ime  of cul t iva t ion  (in h); o rd ina te :  a) n u m b e r  of 
ant ibody p r o d u c e r s  (per 106 nuc lea ted  cel ls) ;  b) 
n u m b e r  of l iving ce l l s ,  in %. 

method [81. The change  in v iabi l i ty  of the ce l l s  dur ing  cu l tu re  was  e s t i m a t e d  f r o m  the s ta in ing  p r o p e r t i e s  
with t rypan  b lue .  

The p r e s e n c e  of i n t e rac t ion  be tween the ce l l s  was  judged f r o m  the coef f ic ien t  of s t imula t ion  (the r a -  
t io be tween  the n u m b e r  of an t ibody  p r o d u c e r s  in the mixed cu l tu re  and the n u m b e r  in monocu! tu re ) .  The 
s ign i f icance  of the r e su l t s  was  e s t i m a t e d  by means  of the F i s h e r - S t u d e n t  c r i t e r i o n ,  and the c u r v e  of  s u r -  
vival  of  the l ymphocy te s  as  a function of cul t ivat ion t ime was  smoo thed  by the s l i d i n g - m e a n  method [5]. 

EXPERIMENTAL RESULTS 

A f t e r  a s ingle  immun iza t i on  of the mice  with s h e e p ' s  red  ce l ls  the n u m b e r  of a n t i b o d y - f o r m i n g  cel ls  
in the lymph glands r e a c he d  a m a x i m u m  on the 5th day,  but  a f t e r  r e i m m u n i z a t i o n  this o c c u r r e d  on the 4th 
day.  Since the effect  of s t imula t ion  of Y-g lobu l in  syn thes i s  in the mixed  cu l tu res  was  m o s t  m a r k e d  when 
lymph-g l and  ce l l s  obtained f r o m  an ima l s  at  the peak  of the i m m u n e  r e s p o n s e  w e r e  used  [4], in the p r e s e n t  
e x p e r i m e n t s  lymph glands  w e r e  taken on the 5th day a f t e r  immuniza t ion  when s tudying  the p r i m a r y  r e s p o n s e  
and on the 4th day  a f t e r  r e i m m u n i z a t i o n .  

As the r e s u l t  of combined  cu l t iva t ion  fo r  18720 h of immune  l y m p h - g l a n d  ce l l s  obtained f r o m  mice  
dur ing  both the p r i m a r y  and the s e c o n d a r y  immune  r e s p o n s e ,  with syngene ic  and a l logeneic  in tact  b o n e -  
m a r r o w  ce l l s ,  an i n c r e a s e  i n  the n u m b e r  of ant ibody p r o d u c e r s  was  o b s e r v e d  (Table 1). The in tens i ty  of the 
ef fec t  when ce l l s  f r o m  p r i m a r i l y  i m m u n i z e d  an ima l s  w e r e  used  was  r a t h e r  w e a k e r  (coeff ic ient  of  s t imula t ion  
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1.6) than with ce l l s  f r o m  re immunized  an imals  (coefficient of s t imulat ion 2-4).  The ef fec t  of in teract ion 
between ce l l s  of d i f ferent  h is tological  origin was the s ame  whether  syngeneic or  al logeneic mix tu res  were  
cult ivated together .  This  conf i rms  yet  again the e a r l i e r  conclusion that the al logeneic b a r r i e r  does not p lay 
an impor tan t  ro le  in in te rac t ion  between ce l l s  in the s tages  of act ive antibody synthes is  [11]. 

The dynamics  of the change in the number  of antibody p roduce r s  in monocul ture  and in mixed cul ture  
of immune  lymph-gland and intact  bone -mar row cel ls  is i l lus t ra ted  in Fig. l a .  

After  an initial  i nc r ea s e  in the number  of ant ibody-producing cel ls  in both cu l tures ,  it fell  toward the 
7th hour.  However ,  a f t e r  7 h of cult ivation in mixed cul ture  the number  of ant ibody-synthes iz ing cel ls  was 
inc reased  and reached  a m ax i m um  at 9-11 h. Whereas  the coefficient  of s t imulat ion a f t e r  cult ivation for  
20 h var ied  between 1.5 and 4.3, a f t e r  cult ivation for  11-17 h it was 5-7.  The number  of viable cel ls  in the 
monocul tures  and mixed cul tures  dec reased  by an equal degree  in both monocul tures  and mixed cul tures  in 
the course  of cult ivation (Fig. lb) .  The identical  mor ta l i ty  of the cel ls  during cultivation indicates  that the 
effect  of an inc rease  in the number  of p laque- fo rming  cel ls  could not be explained by reduced mor ta l i ty  of 
the cel ls  in the mixed cu l tu res .  The compara t ive ly  rapid manifes ta t ion  of the effect  of an i nc rea se  in the 
number  of antibody p r o d u c e r s  f rom the beginning of combined cell  cul ture  ag rees  with data on the kinet ics  
of the s t imula t ionof immunoglobul in  synthes is  during immunizat ion of an imals  with ho r se  Y-globulin [1]. 

The r e su l t s  descr ibed  above indicate that s t imulat ion of the immune response  during combined cul-  
ture of lymph-gland cel ls  f r o m  immune donors  and intact  b o n e - m a r r o w  cel ls  takes place  if the anin~als a re  
immunized  not only with soluble antigens but also with co rpuscu la r  ant igens,  and it is observed  whether  the 
immune r e sponse  in the mice  is secondary  or p r i m a r y .  However ,  during the p r i m a r y  r e sponse  the s t imu-  
lation effect  is weake r  than during the secondary~ It  is difficult at p r e s e n t  to say anything about the causes  
of this d i f ference .  The p r e s ence  of a m ax i mum of the number  of p laque-forming cel ls  in the mixed culture 
9-11 h a f t e r  the beginning of cultivation and data showing the equal ra te  of death of the cel ls  in the mono-  
and mixed cu l tures  suggest  that in teract ion at the level  of ma tu re  antibody p roduce r s  leads to the recru i t ing  
of new cel ls  into antibody synthes is .  Which of the cel l  populations - lymph-gland or  b o n e - m a r r o w  - is the 
source  of the new p laque- fo rming  cel ls  cannot yet  be stated and fu r the r  invest igat ion of this p rob lem is en- 
v isaged.  
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