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Curves  showing the change in the number  of IgM-an t ibody- fo rming  (plaque-forming)  cel ls  
(PFCs)  aga ins t  s heep ' s  r ed  ce l l s  in C57BL/6 mice  in vivo and in a suspension of spleen cel ls  
obtained at  dif ferent  s tages  of the immune p roce s s  and cul tured for 4 days in v i t ro  were  
compared .  Af ter  4 days the number  of P F C s  obtained by cul ture  in vi t ro  could be inc reased  
by many  m o r e  t imes  than in vivo. In r e s p o n s e  to r epea ted  injection of antigen into mice  the 
r e s p o n s e  obtained was a lways l e s s  intensive than in vi t ro .  
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In mos t  c a s e s  the intensi ty of antibody b iosynthes i s  changes rap id ly  a f t e r  immunizat ion:  initially it 
r i s e s  exponential ly,  then fal ls  sharp ly  [1, 4, 5, 8]. The r e a s o n s  for  this fall  have r ece ived  li t t le study. 
Recent ly ,  however ,  it has  been shown not to take place  in cel l  suspens ions  or in f r agmen t s  of lymphoid o r -  
gans cul tured  in v i t ro  [3, 9]. 

To d i scover  whether  this  d i f ference  between the cour se  of antibody fo rmat ion  in vivo and in vi t ro  is 
connected with the rap id  e l iminat ion of the antigen f rom the body, the act ion of an antigen was compared  in 
different  s tages  of the immune p r o c e s s  in vivo and dur ing cul ture  of immunocompeten t  cel ls .  

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

Exper imen t s  we re  c a r r i e d  out on C57BL/6 mice .  Ster i le  sheep ' s  r ed  cel ls  (SRC) in 7]3 p r e s e r v a t i v e  
were  used  as  the antigen. 

The an ima l s  were  immunized  by in t ravenous  injection of 500 • 106 or 50 x 106 SRC in a volume of 
0.2 ml .  

The act ion of the antigen in v i t ro  was studied by the method of Mishell  and Dutton [9], modified by 
Cl ick et al.  [6] and a lso  sl ightly by ou r se lve s .  This  l as t  modif icat ion was to incubate the ce l l s  in s i l icone-  
t r ea t ed  f i a t -bo t tomed glass  f l asks  (35 x 45 • 30 mm) or in penici l l in f lasks  22-24 m m  in d iamete r .  Fo r  
the s i l icone t r e a t m e n t  the f lasks  were  r i n s ed  with a 370 solution of "Antifoam Silane" (Riga P h a r m a c e u t i c a l  
Chemica l  Fac tory)  in e ther ,  hea ted  to 120~ for  1 h, then washed 3 t imes  with hot dist i l led wa te r  and s t e r i l -  
ized by dry  heat  at  120"C for  2 h. The spleens  of the unimmunized  mice  and of mice  immunized  1-7 days 
be fo re  the expe r imen t  we re  r e m o v e d  with s t e r i l e  precaut ions .  The ce l l s  we re  shel led out of the spleens ,  
suspended f rom a pipet  in double EagleVs medium,  and washed twice in the cold with the same  medium in 
the centr i fuge at  700 g. The washed  ce l l s  w e r e  suspended in the med ium desc r ibed  by Click et al.  [6], to 
which insulin (0.24 uni t /ml)  and glucose  (1 m g / m l )  were  added. The suspens ion  of cel ls  (10 million) was 
poured  in vo lumes  of 2 m l  into the l a rge  f l asks  and 0.5 ml  into the penici l l in  f lasks .  The f lasks  were f f l l ed  
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T A B L E  1. C o m p a r i s o n  of  Ac t ion  of  Ant igen in Vivo in Situ and in a 
Cu l tu re  of  Spleen Cel l s  in Vi t ro  
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Legend.  Mean value and conf idence  l imi t s  (P < 0.05) given in p a r e n -  
t he se s ;  n u m b e r  of o b s e r v a t i o n s  be tween squa re  b r a c k e t s ,  

with an a t m o s p h e r e  cons i s t i ng  Of 5% CO 2, 10% 02, and 85% N2, c lo sed  with r u b b e r  s t o p p e r s ,  and incubated  
for  4 days  a t  37~ 

The  n u m b e r  of I g M - a n t i b o d y - f o r m i n g  (p laque- forming)  ce l l s  (PFCs)  was  d e t e r m i n e d  by J e r n e ' s  m e t h -  
od [8] and the n u m b e r  of  l iv ing ce l l s  by  s ta in ing with eos in  and t r y p a n  blue [2]. 

EXPERIMENTAL RESULTS 

Under the experimental conditions used a well-marked primary response of the spleen cells of the 
unimmunized mice and a sharp increase in the number of PFCs in the cell suspension from the immunized 
animals could be obtained. This increase took place only in the presence of 2-mercaptoethanol and only in 
the silicone-treated flasks. 

In the principal series of experiments the ability of spleen cells taken at different stages of the im- 
mune process to respond to the antigen in vitro was compared. The spleen was removed with sterile pre- 
cautions from the mice I, 2, 3, 4, 6, and 7 days after immunization with 500 • I0 s SRC and cell suspensions 
were prepared as described above. The original number of PFCs in each suspension was determined. As 
the data given in Table I show, injection of SRC into the mice induced the usual immune response which 
reached a maximum on the 5th day and then declined rapidly. The greater part of each of the suspensions 
was poured into flasks and incubated at 37~ for 4 days in the presence of antigen (I • l0 s SRC to 4 • !06 
spleen cells). During the period of incubation the number of PFCs rose very sharply (by 23-440• compared 
with initially. This increase was observed during incubation of spleen cells removed not only at the begin = 
ning of development of the immune process, but also at its climax and during its decline. 

The increase in the number of PFCs in the suspensions of spleen cells of the immunized animals was 
much greater than in the cell suspension from the unimmunized animals. It reached a maximum on the 4th 
day after immunization, in good agreement with results obtained by Dutton and Mishell [7]. 

It follows from Table I that during culture of the cells in vitro the number of PFCs increased much 
faster than during the same period in vivo. Fo:c example, the spleen of an animal 8 days after immunization 
contained 130 times fewer PFCs than a cell suspension cultured from the 4th to the 8th day in vitro. 

Even between the 7th and 11th days after immunization, when a sharp decline in antibody synthesis 
was observed in vivo, the number of PFCs in a suspension of cells cultured in vitro rose sharply and 
reached a level 93 times higher than in vivo. 
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The di f ference  between the r e s p o n s e  in vivo and in vi t ro  could be due to the act ion of antigen added 
again during cul ture  of the cel ls .  To study this p rob lem a specia l  s e r i e s  of expe r imen t s  was c a r r i e d  out 
in which all  the an imals  were  immunized  p r i m a r i l y  with 500 x 106 SRC, and r e i m m u n i z e d  af ter  var ious  in- 
t e r v a l s  of t ime  with 50 • 106 or 500 x 106 SRC. The s m a l l e r  of these  doses  co r responded  approx imate ly  
(calculated per  g r a m  weight) to the concentra t ion  of antigen added in vi t ro .  Af ter  a t ime  in terva l  equal to 
the per iod  of incubation of the cu l tures  (4 days) the an imals  were  ki l led and the number  of P F C s  in the i r  
sp leens  de te rmined .  

It  will be c l ea r  f rom Tab le  1 that  the second injection of antigen in the ea r ly  s tages  of development  
of the immune p r o c e s s  caused  an i nc r ea s e  in the number  of P F C s ,  but in the late  s tages  it prevented the 
dec r ea se  in the number  of P F C s .  The act ion of the l a r g e r  of the doses  used was pa r t i cu la r ly  effective.  
However ,  the i nc rea se  in the number  of P F C s  during the act ion of the antigen in vivo was much less  (5-16 
t imes)  than the i nc rea se  in the i r  number  during the act ion of antigen on the cel ls  cul tured in v i t ro  (Table 1). 

It can be concluded f rom these  r e s u l t s  that  the fo rmat ion  of many  m o r e  P F C s  in vi t ro than in vivo 
is evident ly  a t t r ibutable  to d is turbance  of in te rce l lu la r  in te rac t ion  during p repa ra t ion  of the suspension or 
to r e m o v a l  of inhibi tory f ac to r s  act ing in vivo. 
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