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The number of ant ibody-forming cells  (AFCs) formed at the end of incubation was shown to 
depend on the number of cells of a spleen suspension used to induce the p r ima ry  immune r e -  
sponse in vitro.  With an increase  in the "surface density" of the cells (the number of cells 
per cm 2 of the bottom of the incubation vessel) the number of AFCs formed was reduced by 
10-100 t imes although the total number of cells  which survived at the end of incubation was 
not reduced or was only very  slightly reduced. The effect was observed when either sheep 's  
red cells or water -so luble  antigen extracted from them was used as the antigen. It was in- 
dependent of a deficiency of antigen or of nutrit ive substances andit was accompanied by a 
paral le l  overal l  dec rease  in the incorporat ion of thymidine-H 3 into the cells in culture.  
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The appearance of methods of inducing a p r i m a r y  immune response  in vi t ro  [3, 6] has broadened the 
outlook for analysis  of this p rocess .  In par t icu lar ,  these methods are widely used to study the role of in- 
teract ion between cells in the induction of the immune process  [1, 2]. 

The object of this investigation was to study the effect of the number of spleen cells taken for culture 

on the development of the immune response in vitro. 

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

Experiments  were car r ied  out on C57BL/6 mice. Induction of antibody formation in vi tro was studied 
by the method of Mishell and Dutton [6], modified by Click et al. [3] and with minor modifications by the 
wr i te r s  [1]. 

The prepared suspension of spleen cells [1] was poured together with antigen into s i l icone- t reated 
(using "Antifoam Silane") penicillin flasks,  22 mm in diameter ,  filled with a gas mixture (5% CO 2, 10% 02, 
85% N2), sealed with rubber  s toppers ,  and incubated for 1-4 days at 37~ Sterile sheep 's  red cells (SRBCs) 
or water-soluble  antigen of sheep 's  red cells (WSA), isolated by the method of Seman et al. [7], were used 
as the antigen. The number  of IgM-ant ibody-forming cells (AFCs) in each culture was determined by the 
method of Jerne  and Nordin [5] and the number of living cells was determined by staining with a mixture of 
eosin and Trypan Blue. 

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

The number of AFCs determined by J e rne ' s  method in the original suspensions of spleen cells f rom 
normal  C57BL/6 mice was 0.8-1.5 per 106 living cells. After incubation of the cells  for 3-4 days, both in 
the presence  of SRBC and in the presence  of WSA isolated f rom them, the number of AFCs increased to500-  
1500 per  106 living cells.  
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T A B L E  1. 

w i t h  D i f f e r e n t  N u m b e r s  of C e l l s  
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E f f e c t  of C e r t a i n  F a c t o r s  on A F C  F o r m a t i o n  in C u l t u r e s  

Factors studied 

Number of cells taken for culture 
(antigen SRBC) 

Number of cells taken for culture 
(antigen WSA) 

Antigen concentration (antigen 
WsSA) (in ~g): 

50 
100 

Concentration of 2-mercaptoethanol 
(in M): 

1,7.10 -5 
5,0.lO-S 

15,0.I0 -~ 
Concentration of calf embryonic 

serum (in %): 
10 
20 
30 

Incubation medium (amino acids 
and other additives to Eagle's 
minimal medium). 

normal dose 
three times normal dose 

Number of AFCs per 106 living cells 
in cultures containing differefft num- 
br ,of ce1~s 
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Fig .  1 F i g .  2 

F i g .  1. D e v e l o p m e n t  of  i m m u n e  p r o c e s s  (A) and s u r v i v a l  r a t e  of  c e l l s  

(B) in c u l t u r e s  c o n t a i n i n g  d i f f e r e n t  n u m b e r s  of c e l l s  : 1) 5 �9 106, 2) 10 �9 
106, 3) 20 �9 106 c e l l s  p e r  f l a s k .  A b s c i s s a ,  t i m e  a f t e r  b e g i n n i n g  of c u l t i -  
v a t i o n  (in d a y s ) ;  o r d i n a t e :  in A) n u m b e r  of A F C s  p e r  106 l i v i n g  c e l l s ,  

in B) p e r c e n t a g e  of s u r v i v i n g  c e l l s .  

F ig .  2. E f f e c t  of s a m p l e  v o l u m e  (A) and " s u r f a c e  d e n s i t y "  of c e l l s  (B) 
on i n t e n s i t y  of i m m u n e  r e s p o n s e :  1) 5"  106, 2) 1 0 . 1 0  6, 3) 20 �9 10 6 c e l l s  
p e r  f l a s k .  A b s c i s s a :  in A) v o l u m e  of s a m p l e s  (in ml ) ,  in B) " s u r f a c e  
d e n s i t y "  ( n u m b e r  of c e l l s  p e r  c m  2 b o t t o m  of f l a s k "  106) ; o r d i n a t e ,  n u m -  

b e r  of A F C s  p e r  106 l i v i n g  c e l l s .  

I n t e n s i v e  f o r m a t i o n  of  A F C s  was  o b s e r v e d  on ly  if a c e r t a i n  n u m b e r  of  c e l l s  was  t a k e n  f o r  c u l t u r e .  
If t h e  n u m b e r  of  c e l l s  in t he  s a m p l e  was  i n c r e a s e d  by two  o r  f o u r  t i m e s  t h e r e  w a s  a s h a r p  d e c r e a s e  in  t h e  

n u m b e r  of  A F C s  d e t e c t a b l e  at  t he  end of i n c u b a t i o n .  T h i s  d e c r e a s e  w a s  o b s e r v e d  in a l l  c a s e s  a l t h o u g h  i t  
v a r i e d  in d e g r e e .  In s o m e  e x p e r i m e n t s  t he  n u m b e r  of A F C s  w a s  r e d u c e d  by  4 - 1 0  t i m e s ,  but  in m o s t  c a s e s  
t he  d e c r e a s e  w a s  g r e a t e r  - by  5 0 - 1 0 0  t i m e s  ( T a b l e  1, e x p e r i m e n t s  3 - 1 9  and 3 - 3 0 ) .  It i s  i n t e r e s t i n g  to  no te  
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Fig. 3. Intensity of immune response  
and incorporat ion of thymidine-H 3 and 
glycine-C 14 (A) and also survival  ra te  
of cells (B) as functions of density of 
incubated cell suspension:  1) number 
of AFCs formed per  106 living cei ls;  2) 
incorporat ion of thymidine-H 3; 3) incor-  
poration of glyeine-C 14. Abscissa:  num- 
ber of cells in sample '106 ;  ordinate:  
1) number of AFCs per  106 living cel ls;  
II) incorporat ion of thymidine-H 3 (in 
counts/rain/106 living cells);  IID per -  
centage of surviving cel ls;  IV) incorpo-  
ra t ionofglyclne~C 14 (in counts/min/106 
living cells).  

that if WSA was used the decrease  in the number of AFCs 
usually began to appear with fewer cells in the culture than 
in the experiments with SRBC. 

J e rne ' s  d i rect  method, of course ,  detects only IgM- 
AFCs.  It was neces sa ry  to find out whether the observed 
decrease  in the number of IgM-AFCs was connected with 
the sivitch of the cells over to synthesis of IgG antibodies. 
Comparison of the number of IgM-A FCs and IgG-AFCs 
(JerneTs indirect method with rabbit serum against mouse 
immunoglobulins) in cultures containing different numbers 
of cells showed that no such change took place in antibody 
synthesis. 

The decrease in the number of AFCs with an increase 
in the number of cells taken for culture was not due to the 
rapid death of the cells in those cultures. Usually the per- 
centage of cells remaining alive by the end of incubation 
was the same in cultures with a larger  number of cells or 
it was only 1.5-2 t imes less than in cultures with a smal l  
number of cells.  Moreover,  it must be remembered  that 
the intensity of the immune response was assessed and ex- 
pressed  relat ive to living cells.  

It was interesting to compare  the dynamics of the in- 
c r ease  in the number of AFCs during development of the 
immune process  in cultures containing different numbers 
of cells.  It will be c lear  f rom Fig. 1 that, with the optimal 
number of cells in the culture (5 �9 106) the number of AFCs 
increased rapidly along an exponential curve. 

In cultures in which the initial number of cells was 
10-106 and 20 .10  G the increase  in the number of AFCs was 
slow and slight. The f i rs t  question to a r i se  is:  Was the 
phenomenon observed connected with the concentration of 
the cells (in 1 ml medium) or with their "surface density" 

(the number of cells per cm 2 of the f lask bottom) ? Comparison of the relat ionship between AFC formation 
and the volume of the samples or the number  of cells taken per flask showed the decisive role of the "sur -  
face densi ty."  It will be c lear  f rom Fig. 2 that the number of AFCs fell sharply with an increase  in the 
"surface density" but was a lmost  independent of the sample volume. 

The dependence of AFC formation during an increase  in the density of the cul tures on the quantity 
of antigen taken to reduce the immune response  in vi t ro  was studied in a ser ies  of experiments.  The r e -  
sults in Table 1 show that an inc rease  in the antigen concentrat ion did not great ly  affect the AFC popula- 
tion although the absolute level of the immune response  increased under these conditions (Table 1, exper i -  
ment 3-35). An increase  in the concentrat ion of such important  elements as embryonic calf se rum and 2- 
mereaptoethanol  in the incubation medium likewise had no appreciable effect on the AFC population (Table 
1, experiments  3-36 and 3-37). 

It was also neces sa ry  to d iscover  whether the observed effect was connected with a deficiency of nu- 
t r i t ive substances in the cul tures  with a large number of cells.  To tes t  this hypothesis a medium was p r e -  
pared in which three t imes the normal  dose of essent ia l  and nonessential  amino acids, vitamins,  nucleic 
acid p r e c u r s o r s ,  glutamine, sodium pyruvate,  glucose, and insulin was present .  The absolute number of 
AFCs in the enriched medium was severa l  t imes g rea te r  than in the normal  medium. However, even in 
the enriched medium, in cultures containing 20 �9 106 cells the number of AFCs was almost  40 t imes less 
than in cultures containing 5-106 cells (Table 1, experiment 3-37). 

To study the biochemical  cha rac te r i s t i c s  of cul tures with different cell  densities,  the incorporat ion 
of thymidine-H 3 and glycine-C 14 was studied (Fig. 3). Thymidine-H 3 was added at the beginning of incuba- 
tion in a dose of 0.1 pCi /ml ,  whereas glycine-C 1~ (1 pCi/ml)  was added to the samples 8 h before the end 
of incubation. As Fig. 3 shows, with an increase  in the number of cells in the culture the number of AFCs 
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and incorpora t ion  of thymidine-H 3 showed a pa ra l l e l  dec r ea se  but the r a t e  of incorpora t ion  of g lyc ine-C 14 
dec reased  more  slowly. 

The exper imen t s  descr ibed  above show conclusively that an i nc rea se  in the number  of cel ls  in the 
sample  taken leads to a sharp  dec rease  in the number  of AFCs formed during incubation. This phenomenon 
is not due to deficiency of antigen, for  even a 20-fold inc rease  in the amount of antigen did not abol ish the 
effect.  It is only a l i t t le dependent on the volume of the nutr ient  med ium (Fig. 2) and it is unconnected with 
a deficiency of amino acids or  of other e s sen t i a l  subs tances  for  cel l  me tabo l i sm in the medium (Fig. 3). 

The leading role  in the d e c r e a s e  in AFC format ion  is played by an i nc rea se  in the densi ty of cel ls  se t -  
t l ing on the bottom of the f lask  during incubation and the consequent depress ion  of cell  pro l i fe ra t ion .  

The r e su l t s  thus indicate that the development  of the immune p roce s s  depends not m e r e l y  on the ra t io  
between cel ls  of d i f ferent  types  (B and T lymphocytes ,  A cel ls) ,  but a lso  on the " su r face  densi ty"  of these  
cel ls .  This conclusion is conf i rmed by data obtained by the wr i t e r s  p rev ious ly  [2]. 
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