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A N T I B O D Y - S T I M U L A T I N G  F A C T O R  S E C R E T E D  BY S P L E E N  C E L L S  in v i t r o  

L .  G. Z a t t s e v a ,  Yu .  N.  F a v o r s k a y a ,  UDC 612.017.1-06:612.411 
a n d  I .  Y a .  U c h i t e l '  

The intensity of antibody formation in irradiated syngeneic recipients was studied in relation 
to i ts  restorat ion by various cell suspensions, A lymphocyte suspension free of macrophages 
res tored  the ability of the irradiated recipients to respond to sheep's red  blood cells only 
weakly. A ddition of peritoneal o r  splenic macrophages to the lymphocytes led to a sharp in- 
c rease  in plaque formation. The same response was produced by injecting a suspension of 
spleen cells incubated beforehand in vitro for 3 h at 37~ into the recipients. After incubation 
of the spleen cell suspension in this way in the absence of antigen, a factor capable of sharply 
increasing antibody formation in irradiated recipients on restoration of their immune response 
by injection of donors '  lymphocytes was secreted into the medium. The antibody-stimulating 
factor was not produced after incubation of lymphocytes for the same t imes.  It is suggested 
that the antibody-stimulating factor appearing in the medium during culture of spleen cells in 
vitro in the absence of antigen is formed by cel ls  of the mononuclear phagocytic system. 
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The role of macrophages in the realization and regulation of the immune response is undisputed. Numer- 
ous investigations have shown that macrophages and their products can both stimulate and depress the immune 
response.  Stimulation of lymphocytes in vitro by antigens or  mftogens does not take place in the absence of 
macrophages o r  of  the factor secreted by them which activates lymphocytes [3]. However, under certain con- 
ditions macrophages may depress  the response of lymphocytes to antigens and mitogens [2]. Most of these 
investigations were undertaken in vitro. It has not yet been established what role in the effects exhibited by 
macrophages is  played by their number and functional activity or  whether this depends on the presence or  
absence of a particular subclass of cells.  
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Fig .  1. Res to ra t ion  of r e s p o n s e  to i r r ad i a t ed  
r ec ip i en t s  by m e a n s  of cell  suspensions .  
Ordinate ,  he re  and in F igs .  2 and 3: number  
of  PFC pe r  spleen.  1) Inject ion of SRBC 
(17.5 �9 107) only; 2) lymphocy tes  (1.107) + 
SRBC; 3) f r e sh ly  p r e p a r e d  suspens ion of 
sp leen ce l l s  (1 - 107) +SRBC; 4) per i tonea l  
exudate  m a c r o p h a g e s  (1 �9 106) + lymphoey te s  + 
SRBC ; 5) splenic m a c r o p h a g e s  (1 �9 106) + 
lymphocytes+SRBC ; 6) sp leen ce l l s  incu-  
bated fo r  3 h in v i t ro  + SRBC. 

The  object  of th is  invest igat ion was to c o m p a r e  splenic and per i tonea l  m a c r o p h a g e s  for  t he i r  abi l i ty 
to r e s t o r e  antibody fo rmat ion  in i r r a d i a t e d  rec ip ien t s .  

EXPERIMENTAL METHODS 

Expe r imen t s  w e r e  c a r r i e d  out in a syngeneic s y s t e m .  Male  CBA m i c e  weighing 18-20 g were  used as  
donors  of  the  ce l l s  and as  r ec ip ien t s .  Sheep ' s  r ed  blood ce l l s  (SRBC) were  used as  the antigen. Be fo re  in -  
ject ion into the  r ec ip i en t s ,  the  antigen was added to cell  suspens ions ,  which were  incubated toge ther  for  30 
rain a t  3TC and injected in t ravenous ly  in a dose  of 17.5 �9 10 ~ SRBC pe r  mouse .  All cel l  suspens ions  were  
in jec ted  in 0.1 ml  physiological  sal ine.  

On the  fifth day the r e c i p i e n t s '  sp leens  were  r e m o v e d  and the number  of p l aque - fo rming  ce i l s  (PFC) de -  
t e r m i n e d  by J e r n e ' s  method.  

Mac rophages  were  obtained f r o m  the per i toneal  cav i ty  of the mice  on the fourth day a f t e r  in t raper i tonea l  
in ject ion of  2 ml  nutr ient  broth.  The  per i tonea l  cavi ty  was washed out with 2 ml  of  medium No. 199 with 
hepar in .  Pe r i tonea l  exudate ce l l s  was  incubated for  2 h a t  37~ in medium No. 199 (1" 106 ce l l s / ro lL  Af te r  
r e m o v a l  of nonadherent  ce l l s  and carefu l  r ins ing  of the mono laye r  the medium was r ep laced  by f r e s h  and 
incubation continued for  another  hoar .  The  m o r ~ l a y e r  was  r epea ted ly  r insed ,  the adherent  ce l l s  w e r e  r e -  
moved  with a soft  spatula,  and the i r  concent ra t ion  was adjusted to 1 �9 107 with physiological  sal ine.  

M a c r o p h a g e s  and lymphocy tes  w e r e  obtained f r o m  the  spleens  by the s ame  method.  Homogena tes  of  the  
sp leens  in medium No. 199 with hepar in  we re  poured into f l asks  in a concentra t ion  of 1" 107 c e l l s / m l  med ium.  

To obtain lymphocy tes  the nonadherent  ce l l s  w e r e  col lec ted  a f t e r  incubation of the splenic suspens ion  
fo r  90 rain, t r a n s f e r r e d  to f r e s h  f lasks ,  and incubated for  a fu r the r  1.5 h to sepa ra t e  them be t t e r  f r o m  the 
adheren t  ce l l s .  The  suspension of nonadherent  sp leen ce i l s  was  then centr i fuged at 800 r p m  fo r  15 min .  The  
r e s idue  was diluted in physiological  sa l ine  to a concent ra t ion  of 1 �9 108 ceLts/m-1. 

To obtain splenic m a c r o p h a g e s ,  a f t e r  r e m o v a l  of the nonadherent  ce l t s  the  monolayer  was  washed with 
m e d i u m  No. 199 and then incubated fu r the r  in a f r e sh  por t ion  of medium (the total  durat ion of incubation of  the 
c e l l s  in the f l a sks  was 3 h). The  adheren t  ce l l s  we re  then r e m o v e d  and resuspended  in physiological  sa l ine  
to a concent ra t ion  of 1 "107 c e l l s / m l .  
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Fig. 2. Dynamics of  formation of 
stimulating factor.  Abscissa, dura-  
tion of incubation (in h). 

EXPERIMENTAL RESULTS 

A s Fig. I shows, the irradiated recipients did not respond to injection of SRBC, and a lymphocyte suspen- 
sion freed from macrophages restored their ability to respond only weakly (186 PFC per spleen). Virtually 
the same response was given by recipients which received a fresh suspension of spleen cells: 228 PFC per 
spleen. Addition of macrophages of any origin (peritoneal or splenic) to the lymphocytes led to a sharp in- 
crease @enfold) in plaque formation (up to 1120-1730 PFC per spleen). The same response was produced by 
injecting a suspension of spleen cells incubated beforehand in vitro into the recipients. 

Since preliminary incubation did not affect the ability of the lymphocytes to restore the response and 
since a fresh suspension of spleen cells, in which the majority naturally were macrophages, also gave a weak 
response, it was suggested that during incubation of the macrophages in vitro a certain factor stimulating 
antibody formation is produced in the absence of antigen. 

In the nex~ series  of experiments attempts were made to determine the dynamics of formation of the 
stimulating factor.  For  this purpose, spleen cells  in a dose of 1 �9 10~ml were incubated in medium No. 199 
at 37~ and injected into recipients 1, 1.5, 2, 2.5, and 3 h after  the beginning of incubation. As Fig. 2 shows, 
the suspension of spleen cel ls  began to be activated 1 h after the beginning of incubation, and gave the highest 
response (4000 PFC per  spleen) after  2 h, after  which there  was a tendency for its activity to diminish. To 
determine whether the activating factor  is  l iberated into the medium, the spleen cells were sedimented by 
centrifugation after incubation for 3 h and the resulting supernatant was added to lymphocytes or to a fresh 
suspension of spleen cel ls  in the same proportions as those in which it was obtained. The mixtures were in- 
cubated for 30 min at 3T'C. The sedimented cells were  then diluted with physiological saline and injected into 
recipients in a dose of 1" l0 T per  mouse. As Fig. 3 shows, the supernatant activated lymphocytes and fresh 
spleen cells by a no l e s se r  degree than addition of macrophages or prolonged incubation of spleen cells (by 
15 times).  

These observations suggest that during incubation of the suspension of spleen cells  in vitro at 37~ a 
factor capable o f  sharply increasing antibody formation in irradiated recipients during restorat ion of their  
capacity for  immunogenesis by injection of donors '  lymphocytes or  of a fresh suspension of spleen cells is 
secreted into the medium. The production of this factor reached a maximum between 2.5 and 3 h of incubation. 
The antibody-stimulating factor was not produced during incubation of lymphocytes for  the same times,  despite 
the fact that the cell suspension contained many macrophages during the f i rs t  1.5 h of incubation. Contact 
betwe(m lymphocytes and macrophages in vitro for  only 90 rain is probably not sufficient for  the necessary 
quantity of the factor to be produced, and absence of its production during continued incubation of the lympho- 
cyte suspension, now deprived of i ts  adherent ceils, is c lear  evidence that the lymphocytes themselves are  
not its source.  
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Fig. 3. Restoration of response to irradiated 
recipients by means of supernatanto 1) 
Lymphoeytes (1. 107)+SRBC; 2)freshly 
prepared suspension of spleen cells (1 ~ 107) 
+SRBC; 3) lymphocytes treated with super- 
natant (1 �9 10 Y) +SRBC; 4) freshly prepared 
suspension of spleen cells (1 �9 10 Y) treated 
with supernatar~ +SRBC; 5) incubated sus- 
pension of spleen cells (1 �9 10 ?) +SRBC ~ 

It can tentatively be suggested that.the antibody-stimulating factor secretedinto the medium during cul- 
ture of spleen cells in vitro in the absence of antigen is produced by cells of the mononuclear phagocytic sys- 
tem~ although the possible role of contact between these cells and lymphocytes in the initial period of incuba- 
tion cannot be completely ruled out. 

A factor activating lymphocytes is known to be produced by macrophages and to act mainly on T lympho- 
cytes, increasing their sensitivity to mitogenic agents [1]; the dynamics of i~s production also differs f rom 
the dynamics of production of the antibody-stimulating factor [3]. Nevertheless, it will be necessary to in- 
vestigate the relations between these products secreted by the cells and to undertake a detailed analysis of 
the antibody-stimulating factor. The inability of macrophages from irradiated donors to transmit  antigenic 
information may perhaps depend on disturbance, as a result  of irradiation, of the ability of the macrophages 
to produce the factor stimulating antibody formations 

L I T E R A T U R E  C I T E D  

1. I. C ery and R. Handschumacher, C ell. Immunol., 11, 162 (1974}. 
2. R. Keller, Cell. Immunol., 17, 542 (1975}. 
3. F~ Ulrich, J. Reticuloend. SOCo, ~ 33 (1977). 

883 


