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The au thors  desc r ibed  p rev ious ly  local  in te rce l lu la r  in te rac t ions  inhibiting the growth of the 
number  of an t ibody- forming  ce i l s  (AFC) in a suspension of spleen ce l l s  f r o m  unimmunized mice  
and inc reas ing  sharply  with an i nc rea se  in the densi ty of cul tured suspens ions .  The p r e sen t  
invest igat ion shows tha t  p r e l i m i n a r y  immuniza t ion  of m i c e  with an antigen abol i shes  o r  g rea t ly  
weakens  the inhibition of the i nc r ea s e  in the number  of AFC re la t ive  to that  pa r t i cu la r  antigen, 
but does not affect  the inhibition of the inc rease  in the number  of ce i l s  fo rming  antibodies against  
another  antigen or  inhibition of p ro l i fe ra t ion  of the main  m a s s  of dividing ce l l s  in cul ture .  
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The  au thors  desc r ibed  p rev ious ly  local  in te rce l lu la r  in te rac t ions  inhibiting the inc rease  in number  of 
an t ibody- fo rming  ce l l s  (AFC) during the development  of antibody fo rmat ion .  These  in te rac t ions  inc rease  
sharp ly  with an i n c r e a s e  in the densi ty of  the cell  suspension in cul ture  [1-4]. Inhibi tory in te rce l lu la r  in t e r -  
act ions  a r e  much s t ronge r  in suspens ions  of ce l l s  f r o m  unimmunized  an imals  than in suspens ions  of spleen 
cel ls  taken some t ime  a f t e r  immuniza t ion  [1]. 

The  object  of th is  invest igat ion was to study the m e c h a n i s m  of abolit ion of local inhibi tory in te rce l lu la r  
in te rac t ions  a f t e r  immuniza t ion  and to de t e rmine  whether  th is  aboli t ion is ant igenical ly  specif ic .  

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

C 5 7 B L / 6  m i c e  were  used .  The antigens for  immuniza t ion  were  sheep ' s  (SRBC) o r  hen ' s  (HRBC) red  
blood ce l l s .  E i the r  the r e d  ce l l s  t h e m s e l v e s  o r  the wa t e r - so lub l e  antigen isolated f r o m  SRBC [7] was added 
to the cu l tu res .  Spleen ce l l s  taken f r o m  immunized  or  un immunized  mice  were  cul tured by the method de-  
sc r ibed  p rev ious ly  in enr iched  E a g l e ' s  nutr ient  medium in s i l iconized penici l l in f l a sks  [1, 4]. T h e  number  of 
AFC was de t e rmined  by a modif ied J e r n e ' s  method [6]. [3H]Thymidine (from the Radiochemical  Centre ,  
A m e r s h a m ,  England) was added in a dose  of 1 p C i / r n l  to some  s a m p l e s  24 h before  the end of incubation and 
the quantity of ~ incorpora ted  into the  ce l l s  was m e a s u r e d  on a liquid scint i l lat ion counter  {Intertechnique 
SL-40) .  

The  r e s u l t s  we re  subjected to s ta t i s t ica l  ana lys i s ,  when the geomet r i c  or  a r i thmet ic  mean  values  and 
s tandard  e r r o r  w e r e  de t e rmined  fo r  each group,  

EXPERIMENTAL R E S U L T S  

In the e x p e r i m e n t s  of s e r i e s  I the cour se  of  the i nc rea se  in number  of AFC in spleen cell cu l tures  of 
different  dens i t ies  f r o m  unimmunized  mice  and f r o m  mice  immunized  in t ravenously  with di f ferent  doses  of 
antigen ( f rom 0.5.106 to 500 �9 10 ~ SRBC per  mouse)  was compared .  In these  expe r imen t s  the spleens  were  
r e m o v e d  3 days  a f t e r  inlmunizat ion of the an ima l s  and suspended.  The  cel ls  we re  then.cul tured for  4 days  as  
"opt imal"  (5 �9 106 ce l l s /ml )  and"condensed"  (20 �9 106 ce l l s /ml )  suspens ions .  I t  will be c lea r  f r o m  Fig.  1 that  
the  number  of AFC f o r m e d  in the "condensed" suspens ion  f r o m  unimmunized an ima l s  was 20 t i m e s  s m a l l e r  
than in the opt imal  suspension.  A different  p ic ture  was obse rved  in cell suspens ions  f r o m  immunized animals .  
In this  case  the inhibi tory effect  of i nc reased  densi ty  was  much  weaker ,  and the l a r g e r  the dose of the antigen 
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Fig. 1. Effect of preliminary injection of different doses of antigen into mice on inhibition 
of antibody formation in "condensed" culture. 1) Antigen in SRBC culture; 2) antigen in 
culture with water-soluble antigen of SRBC. Abscissa, dose of SRBC injected into mice; 
ordinate, AFC formation (in percent of "optimal" cultures). 

Fig. 2. Comparison of antibody formation (a) and [sH]thymidine uptake (b) in cultures 
containing different numbers of spleen cells of unimmunized and immunized animals. 1, 
3) U~immunized mice; 2, 4) mice immunized with SRBC. Abscissa, number of cells cul- 
tured (x 108); ordinate: a) AFC formation (in % of "optimal" cultures), b) incorporation 
of [3H]thymidine (in percent of "optimal" cultures). 
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Fig. 3. Effect of 'condensation" on in- 
crease in number of cells forming anti- 
bodies against antigen previously injected 
into nnlmals, and number of ceils form- 
ing antibodies against heterologous anti- 
gen. Unshaded columns denote cultures 
to which SRBC were added; shaded col- 
umns cultures to which HRBC were added. 
1) Unimmunized mice; 2) mice immun- 
ized with SRBC; 3) mice immunized with 
HRBC. Ordinate, formation of AFC in 
"condensed" cultures (in percent of 
"optimal w cultures). 

with which the animals were immunized, the weaker the effect. In the condensed cell suspension from mice 
immunized with 500 x l0 s SRBC, AFC formation was inhibited by only 10-50%. 

In the present experiments, just as previously~ an increase in the density of the suspension of spleen 
cells from unimmunized animals was accompanied by inhibition of the increase in the number of AFC and in- 
corporation of [3Hlthymidine into these cells (Fig. 2, curves 1 and 3). However, this parallel was no longer 
found in suspensions of spleen cells from the immunized animals: with an increase in the density of the sus- 
pension the incorporation of [SH]thymidine deciined rapidly (curve 4) whereas the number of AFC formed de- 
creased only a very little (curve 2). Prel iminary immunization of the animals thus weakened the inhibition 
of the increase in the number of AFC but did not affect inhibition of DNA synthesis in the main mass of cells 
of the ncondensedn culture. 
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TABLE 1. I nc r ea se  in Number  of AFC and Incorpora t ion  of [3H]Thymidine a f t e r  Simul-  
taneous  Addition of Two Antigens (SRBC and HRBC) to "Condensed" and "Optimal" Cul-  
t u r e s  of Spleen Cells  of Unimmunized Animals  and Animals Immunized with SRBC 

Dose of antigen Antigen Incorporation of.-qH th~- Number of celts (per 10 6 living cells) forming midine, cpm/i0 ~ cells" 
Number anbibodies 

injected into added to toe cells inl agMnst ~ ' - I  against HRBC absolute % of in- 

mice culture culture / figuresl absolute I hibiti~ of in- il figaresabS~ %hibitionOf in- figures hibition 

SRBC + HRBC, 
5 �9 106 of 

-- I each 
I 5-i06 
I SRBC + HRBC, 

50- I06 SRBC [ 5" 106 of 
per mouse I each 

I 5 "106 

5.100 

20.106 
5.108 

20.106 

673+- 134 

183-----25 
7 377+- 664 

6 837• 

73-+-3,4 

7,3-'-7,6 

683----- 144 

276• 
802-----83 

163+--41 

60-+-8,3 

80~ 5,1 

24 797"+-2 499 

4 127• 
38 997----- 737 

4 960~775 

83• 

87-2,0 

The  prob lem of whether  immunizat ion Of an animal with a given antigen leads to abolition of the inhibitory 
ef fec t  of condensat ion only with r e spec t  to an i nc rease  in the number  of ce l ls  forming antibodies against  that 
pa r t i cu la r  antigen, or  whether  i t  also does so in re la t ion  to the inc rease  in the number  of AFC against  all o ther  
antigens,  was studied i n  the exper iments  of s e r i e s  II. In this  s e r i e s  of exper iments  two antigens (SRBC and 
HRBC), not giving c ros sed  reac t ions  e i ther  at the antibody level or  at the T - c e l l  level  [5], were  used.  The 
mean  r e s u l t s  of four  such exper iments  a re  i l lus t ra ted  in Fig .  3. In a suspension of spleen cel ls  taken 3 days 
a f te r  immunizat ion of mice  with SRBC, an inc rease  in density led  to a dec rease  in the number  of AFC formed  
by only half  (compared  with the 90% d e c r e a s e  in the cell  suspension f rom unimmunized animals) .  Th is  effect  
was ant igen-specif ic :  ce l ls  f r om mice  into which the o ther  antigen (HRBC) had previously  been injected r e -  
acted to an inc rease  in densi ty in the same way as  the cel ls  of the unimmunized animal (Fig. 3). 

A s imi la r  although l e s s  marked  pic ture  was obse rved  also when the other  antigen (HRBC) was used. 
P r e l i m i n a r y  immunizat ion with HRBC weakened the density effect ,  and p re l imina ry  immunizat ion with the 
o ther  antigen (SRBC) not only did not weaken the in teract ion effect ,  but actually potentiated it (Fig. 3). 

The  re la t ionships  desc r ibed  above were  seen par t icu la r ly  c lea r ly  in the exper iments  in which two anti-  
gens (SRBC and HRBC) were  added s imultaneously to cell suspensions cultured in vitro,  and the number  Of 
cel ls  forming antibodies against  each of these  antigens was de te rmined  separa te ly  at the end of cul ture  (Table 
1). The se  exper iments  showed that  when both antigens were  p resen t  s imultaneously in the medium condensa-  
t ion  inhibited the inc rease  in the number  of AFC much l e s s  s t rongly against  the antigen which had previously  
been injected into the animal compared  with the o ther  antigen. 

T h e r e  a r e  severa l  poss ible  causes  of the weaker  inhibition of the inc rease  in the number  of AFC following 
an inc rease  in the  density of the cell  suspension f ro m  the immunized animals:  1) weakening of the effect  of 
the surrounding cel ls  on pro l i fe ra t ion  of AFC (this suggestion is  contradicted by inhibition of the inc rease  in 
the  number  of cel ls  forming antibodies against  the o ther  antigens observed  in the same suspension, and inhibi- 
t ion of the pro l i fe ra t ion  of the main mass  of dividing cel ls  in the culture}; 2) a f te r  immuniza t ion  numerous  
specif ic  T - h e l p e r  cel ls ,  faci l i tat ing pro l i fe ra t ion  of AFC, appear  in the animal ,s  spleen; 3) af ter  immunization 
a population of p r e c u r s o r  cel ls  appears  in the animal and, in "condensed" cul tures  these  cel ls  may be con- 
ve r t ed  without division into ant ibody-forming cells;  4) the clone of AFC formed  in the immunized animal ceases  
to be susceptible to inhibitory influences of surrounding cel ls ,  in the same way that malignant cel ls  cease  to 
be suscept ible  to "contact  inhibition." 
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