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The nature of the antigen-binding r e c e p t o r s  of the spleen cel ls  of immunized  mice was in- 
ves t iga ted  by means  of a rabbi t  a n t i s e r u m  spec i f ica l ly  identifying aggrega ted  mouse i m -  
munoglobulins.  This a n t i s e r u m  was found to inactivate about 70% of r o s e t t e - f o r m i n g  cel ls  
(RFCs) in v i t ro  and its inhibi tory act ivi ty  was g r e a t e r  than that of monorecep to r  an t i - p  
s e r u m .  All RFCs inact ivated by an t i -p  were  also sensi t ive  to t r ea tmen t  with a n t i s e r u m  
against  aggrega ted  immunoglobulins.  RFCs sens i t ive  to the act ion of a n t i s e r u m  against  
aggrega ted  immunoglobulins belong to the c lass  of lymphocytes  not containing 0-ant igen.  
On the bas i s  of these  findings and the r e su l t s  of immunochemica l  ana lys is  of antibodies 
against  aggrega ted  immunoglobulins it can be concluded that these  antibodies b lock the 
antigen-binding r e c e p t o r s  of immune lymphocytes  of b o n e - m a r r o w  origin (]3 cel ls) ;  these  
r e c e p t o r s  can be r ega rded  as immune complexes  fixed on the sur face  of the cel ls .  

It was shown recen t ly  that lymphocytes  of b o n e - m a r r o w  origin (B cells) can bind immune complexes  
[1, 3, 5] o r  nonspecff ical ly  aggrega ted  TG globulin [4] in vi t ro .  It is the re fo re  logical  to sugges t  that the 
B cel ls  in the immunized  individual c a r r y  an t igen -an t ibody  complexes  on the i r  su r face  and that  the ant i -  
bodies fixed in this way consti tute a l a rge  propor t ion  of the total  pool of antigen-binding immunoglobulin 
r e c e p t o r s  belonging to the lymphocytes  of this type [9]. 

As a r e su l t  of aggrega t ion  with antigen, antibodies a re  known to acquire  new antigenic specif ic i ty;  the 
de terminant  groups that a r i s e  a r e  s i m i l a r  in s t ruc tu re  with antigenic de te rminants  cha r ac t e r i s t i c  of hea t -  
aggrega ted  immunoglobulin [7, 8]. If the B cells  in the immune  animal  do in fact  c a r r y  antibodies on the i r  
sur face  in the f o r m  of a complex with antigen, the i r  antigen-binding abil i ty can be supp re s sed  with the aid 
of antibodies against  aggrega ted  immunoglobulin.  

To tes t  this hypothesis  the effect  of a n t i s e r u m  agains t  aggrega ted  mouse immunoglobulins on the r o -  
s e t t e - fo rming  cells  (RFCs) of the spleen was studied in mice  immunized  with sheep ' s  red cel ls .  

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

The immunoglobulin f rac t ion  of mouse s e r u m  (precipi ta ted by a m m o n i u m  sulfate at 50% saturat ion)  
was heated for  20 rain at 63~C; the aggrega ted  pro te ins  were  s epa ra t ed  by centr ifuging at 105,000 g for  2 h, 
emuls i f ied  in F reund ' s  complete  adjuvant,  and injected into the popli teal  lymph glands of rabbi t s .  R e i m m u -  
nization was c a r r i e d  out 3 months l a t e r .  The a n t i s e r u m  was abso rbed  with a twofold excess  of a g g r e g a t e -  
f r ee  mouse  immunoglobulins (the upper  th i rd  of the superna tan t  obtained by centr ifuging the heated  immuno-  
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TABLE 1. I nac t i va t i on  of R o s e t t e - F o r m i n g  Sp leen  C e l l s  of Mice  I m -  
m u n i z e d  wi th  S h e e p ' s  Red  C e l l s  by  Means of A n t i s e r u m  a g a i n s t  
Homologous  A g g r e g a t e d  I m m u n o g l o b u l i n s  (M • m and 99% conf idence  
l imi t s}  

E x p t :  .... 
No. Serum 

AAS 
Anti .g 
Anti -7 
Anti -/x ~ AAS 
Anti-9 .-, anti- 7 

Complement 
Complement ~ anti- 

I Complement ~ AAS 
/ Anti-0 + complement 
[ ,Anti-0 + complement-,anti-p 
/ Anti-t~ + complement--* AAS 

No. of RFCs per 10 3 
lymphocytes 

24,1+-0,5 (23,1 +25,1) 
8,0+0,7 (6,0+ 10,0) 

15,1__.+0,5 (13,5+16,7) 
1,1.+0,4 (.--0,2+2,5) 
6,2"+0,7 (3,9+10,1) 

0 

16,5.+0,4 (15,3+17,7) 
12,6.+0,5 (12,1+14,1) 
8,3-4-0,2 (7,6+9,0) 

11,0~0,6 (9,1+12,9) 
4,2.+0,4 (3,0+5,4) 
1,3.++.-0,4 (0,0--2,6) 

Inactivation of 
RFCs (in %) 

66,8 
37,3 
95,4 
74,3 
I00 

23,6 
50,3 
33,3 
74,5 
92,1 

g lobu l ins )  and  s h e e p ' s  r e d  c e l l s .  The a b s o r b e d  a n t i s e r u m  (AAS) d id  not  r e a c t  in the  double  d i f fus ion  t e s t  
in a g a r  wi th  a g g r e g a t e - f r e e  i m m u n o g l o b u l i n s  o r  w i th  p u r i f i e d  m o u s e  IgM, IgG ( y G  i and  7 G 2) o r  IgA, but  i t  gave  
a v e r y  d i s t i n c t  p r e c i p i t a t i o n  l ine  w i th  h e a t - a g g r e g a t e d  m o u s e  i m m u n o g l o b u l i a s .  

Mice  of l i ne  CBA w e r e  i m m u n i z e d  w i t h  s h e e p ' s  r e d  c e l l s  in a dose  of 5 �9 108 c e l l s  and  the n u m b e r  of 
R F C s  in the s p l e e n  was  d e t e r m i n e d  on the f i f th  day  by  the m e t h o d  of  B iozz i  e t  a l .  [2]. To e v a l u a t e  the  a c -  
t ion  of AAS and of p o l y v a l e n t  r a b b i t  s e r u m  a g a i n s t  mouse  i m m u n o g l o b u l i n s  o r  of s p e c i f i c  r a b b i t  a n t i s e r u m  
a g a i n s t  the p cha ins  of mouse  IgM on the R F C s ,  20 .106  s p l e e n  c e l l s  (washed 3 t i m e s  w i th  m e d i u m  No. 199) 
w e r e  s u s p e n d e d  in 2 ml of the  s a m e  m e d i u m  and incuba ted  wi th  the c o r r e s p o n d i n g  a n t i s e r u m  fo r  40 min  at  
& C .  The e x c e s s  of s e r u m  was  r e m o v e d  and the c e l l s  w e r e  u sed  wi thout  w a sh ing  to d e t e r m i n e  the  n u m b e r  
of  R F C s .  In the  c o n t r o l  t e s t s  the  c e l l s  w e r e  i ncuba ted  w i th  n o r m a l  r a b b i t  s e r u m  t a k e n  in the  s a m e  d i lu t ions  
a s  the a n t i s e r u m .  To e l i m i n a t e  c e l l s  con ta in ing  0 - a n t i g e n ,  5 .  l 0  s s p l e e n  c e l l s  in a vo lume  of 0.5 ml  w e r e  
i ncuba ted  f o r  45 min  at  37~ wi th  AKR a n t i - 0  C3H s e r u m  (final d i lu t ion  1 : 600) and wi th  r a b b i t  c o m p l e m e n t  
(final d i lu t ion  1 : 5). In the dose  u sed  and in the p r e s e n c e  of c o m p l e m e n t  the  a n t i -  0 s e r u m  c a u s e d  the  d e a t h  
of  99% of the t h y m o c y t e s  but  d id  not a f fec t  the v i a b i l i t y  of the  b o n e - m a r r o w  c e l l s  o r  of the a n t i b o d y - p r o d u c -  
ing c e l l s  d e t e c t a b l e  by  J e r n e ' s  me thod  [6] in the s p l e e n  of the  i m m u n i z e d  m i c e .  

EXPERIMENTAL RESULTS 

Incubation of the spleen cells with AAS was accompanied by a decrease in the number of RFCs de- 
tected by 66.8% (Table i). In its ability to inactivate RFCs this antiserum was much more effective than 
anti-]~ serum but less effective than the polyvalent antiglobulin serum, which inactivated nearly all the RFCs 
in these experiments. All cells sensitive to treatment with anti-p serum were inactivated by A.AS. If the 
cells were first incubated with anti-p serum and later with AAS the number of inactivated RFCs remained 
the same as when the cells were treated with AAS only. NeRher AAS nor the other antisera, in the dilu- 
tions used, had any effect on the viability of the spleen cells. 

RFCs sensitive to the action of AAS belong to the class of lymphoeytes not containing e -antigen. The 
0-positive RFCs were eliminated by incubating the spleen cells with anti-0 serum and complement. As a 
result of this treatment the number of RFCs detected fell by 33% below the control level (cells treated with 
complement and normal mouse serum; Table i, experiment No. 2). Nearly all the 0-negative RFCs could 
be inactivated by AAS. Most of the RFCs in this population also were sensitive to the action of anti-p 
s e r u m .  

The R F C s  i n a c t i v a t e d  b y  AAS thus  d id  not  con ta in  0 - a n t i g e n  but  p o s s e s s e d  t m m u n o g l o b u l i n  r e c e p t o r s  
of  the p type .  Both  t h e s e  p r o p e r t i e s  a r e  c h a r a c t e r i s t i c  of  l y m p h o c y t e s  of b o n e - m a r r o w  o r i g i n  - B c e l l s  
[9, i0] .  Since AAS is s p e c i f i c  f o r  a g g r e g a t e d  m o u s e  i m m u n o g l o b u l i n s  i t  c an  be c o n c l u d e d  tha t  the  r o s e t t e -  
f o r m i n g  c e l l s  of b o n e - m a r r o w  o r i g i n  a p p e a r i n g  in the m o u s e  s p l e e n  con ta ined  a g g r e g a t e d  i m m u n o g l o b u l i n s  
on t h e i r  s u r f a c e .  It w i l l  be no ted  tha t  the R F C s  d e t e c t e d  in the  s p l e e n  of n o r m a l  m i c e  w e r e  not  i n a c t i v a t e d  
b y  AAS o r  b y  a n t i - #  s e r u m .  This  m a y  m e a n  tha t  t hey  w e r e  e i t h e r  t h y m u s - d e p e n d e n t  l y m p h o e y t e s  o r  B-  
l y m p h o e y t e s  not  con ta in ing  a g g r e g a t e d  immunog lobu l i n s  on t h e i r  s u r f a c e .  
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The nature of the aggrega ted  immunoglobulins found on the RFCs and the m e c h a n i s m  of the i r  fixation 
on the cell  can be judged on the bas i s  of the r e su l t s  of se ro log ic  analys is  of the AAS. Tes ts  showed that 
antibodies against  hea t -aggrega ted  immunoglobulins can be r emoved  f r o m  the AAS by adsorpt ion with agglu-  
t inates  of sheep ' s  r ed  cel ls  and mouse IgM hemagglut inins.  The source  of the l a t t e r  was a mouse an t i s e rum 
obtained on the third day a f t e r  immunizat ion with 5 �9 108 red  cel ls  containing no detectable quantit ies of he-  
magglut inins r e s i s t a n t t o t h e  ac t ionof  mereaptoe thanol .  When red  cell  agglutinates with IgG hemagglutinins 
f r o m  hyper immune mice were  used as the immunosolvent ,  the ef fec t iveness  of adsorpt ion of the antibodies 
against  aggrega ted  immunoglobulins was s ignif icant ly l e s s  than in the case  of agglutinates with IgM ant i -  
bodies.  These di f ferences  were  conf i rmed by the use of AAS in the Coombs '  tes t .  Although AAS, unlike 
an t i -p  s e r u m ,  did not lead to an inc rease  in the t i te r  of IgM hemagglut inins,  it definitely increased  the de-  
gree  of hemagglutinat ion induced by IgM ant ibodies .  This effect  was not obse rved  when IgG hemagglutinins 
were  used. The data desc r ibed  above can thus be r ega rded  as proof that the AAS was specif ic  for  ag g re -  
gated IgM ant ibodies ,  although the poss ib i l i ty  cannot be ruled out that it gives a c ro s s  reac t ion  also with IgG 
antibodies in the immune complex.  

As the resu l t s  of the expe r imen t s  in vi t ro show, B- lymphocytes  bound the immune complexes  e i ther  
through r e c e p t o r s  for  the Fc f ragment  of IgG [3] or  through r ecep to r s  for  the th i rd  component  of comple -  
ment  [5]. Whereas  in the f i r s t  case  IgG antibodies could be fixed in the immune complex but not IgM [3], by 
means of the third component  of complement  in pr inciple  antibodies of all c l a s se s  having the p rope r ty  of 
binding this component  of complement  in the p resence  of antigen could be fixed on the B- lymphocyte .  Con- 
s ider ing  these findings and also the fact  that the AAS in te rac ted  effect ively  with IgM antibodies in the im-  
mune complex it can be postulated that fixation of immune complexes  in vivo on RFCs of bone -mar row o r i -  
gin takes  place with the par t ic ipat ion of complement .  It is imposs ib le  at p resen t  to give an unequivocal 
answer  to the question whether  the immune complexes  fixed on the RFCs a re  antigen-binding r e c e p t o r s ,  but 
this suggest ion s e e m s  v e r y  l ikely in the light of the r e su l t s  showing the abil i ty of AAS to inactivate the 
RFCs.  In that case  the accumulat ion of r o s e t t e - f o r m i n g  cel ls  in the course  of immunizat ion can be d i rec t ly  
co r r e l a t ed  with the c i rcula t ion  of an t igen -an t ibody  complexes  in the immune o rgan i sm.  
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