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Heterogeneity of Macrophage Cytophilic Anti- 
bodies in Immunized Mice 

Serum antibodies cytophilic for macrophages are pro- 
duced by guinea-pigs, rabbits and mice. They are detect- 
able in vitro by virtue of their ability to at tach to 
macrophages from normai animals, conferring on them 
an affinity for antigen after free serum has been removed 
from the medium. They are of particular interest because 
of their possible association with delayed-type hyper- 
sensitivityL Recently an investigation has been made in 
this laboratory of the factors determining the productipn 
of macrophage cytophilic antibodies and the development 
of delayed-type hypersensitivity to sheep erythrocytes ~n 
mice ~. The production and titre of cytophilic antibodies 
in mice parallel the development of delayed-type hyper- 
sensitivity as revealed by footpad testing. 

In  this communication we report differences in the 
properties of macrophage cytophilic antibodies appearing 
in serum 7 days after immunizat ion with sheep erythro- 
cytes, in association with delayed-type hypersensitivity 
('early serum'), and those reappearing in serum 28 days 
after a booster injection ('hyperimmune serum'), 

Non-inbred Swiss mice were injected s.c. with 0.2 ml 
of an emulsion of equal volumes of 10% sheep erythrocytes 
in  sahne and Freund's  complete adjuvant .  One group was 
bled 7 days after immunizat ion to give a pool of early 
serum. Other mice from the same group were footpad 
tested with sheep erythrocytes and showed pure delayed 
reactions. The second group was reinjected i.p. with 0~2 
ml of 5% sheep erythrocytes in  saline 21 days after 
immunization;  7 days later some were bled to give a pool 
of hyperimmune serum, while others were footpad tested 
and showed combined Arthus (4 h) and delayed reactions. 
The techniques used are described in detail elsewhere ~. 
Macrophage cytophilic antibodies were t i trated by the 
addition of dilutions of serum to monolayers of cultured 
mouse peritoneal macrophages, washing the cultures to 
remove free serum, adding sheep erythrocytes, washing 
again and recording the a t tachment  of erythrocytes to 
macrophages as 0 to + + + +. Complement-fixing antibodies 
were ti trated by a Microtiter adaptat ion of immune 
adherence, and direct hemaggtutinating antibodies in a 
Microtiter system. In  preliminary experiments it  was 
found that  the macrophage cytophilic ant ibody activity 
in early sera was lost on repeated freezing and thawing 
(4 cycles), whereas tha t  in hyperimmune sera was un- 
affected by such treatment.  For this reason pooled sera 
were stored in ahquots and frozen and thawed only once 
before use. 

In  at tempts to elucidate the nature  of the cellular 
receptors to which cytophilic antibodies become attached, 
several workers have treated cells with proteolytic 

enzymes such as trypsin and papain. In  the case o~ 
guinea pig macrophages and cytophilic antibodies such 
t reatment  has been found not  to abolish bu t  actually to 
increase the subsequent uptake of cytophilic antibodies s. 
Monolayers of mouse macrophages were treated with 
trypsin (Difco Trypsin 1:250, 1 m g / m l ) a t  37°C for 30 
rain and thoroughly washed before being used for the  
t i t rat ion of macrophage cytophilic antibodies in early or 
hyperimmune serum. Control cultures were incubated in 
Hanks 's  solution without trypsin. The results of the 
t i trations are shown in the Table. Trypsin t reatment  
vir tual ly abolished the capacity of macrophages to take 
up cytophilic antibodies from early serum, b u t  increased 
their capacity to take up cytophilic antibodies from 
hyperimmune serum (as reflected by the subsequent up- 
take of sheep erythrocytes). This finding strongly sug- 
gested that  different receptors exist for the early and 
hyperimmune cytophilic antibodies. In  other experiments 
it was found that  trypsinization of macrophages after 
incubation with serum removed the cytophilic factor 
taken up from early serum but  not  tha t  taken up from 
hyperimmune serum. The effects of trypsin have proved 
to be reproducible with several other pools of early and 
hyperimmune serum. 

The possibility tha t  early cytophilic antibodies might 
be 19 S and hyperimmune antibodies 7S immunoglobulins 
was tested by  examining the effect of 2-mercaptoethanoI 
on the act ivi ty in the 2 types of serum. Both were 
resistant to 2-ME. Electrophoretic separation of the 2 
types of cytophilic ant ibody was at tempted using Pevikon 
blocks 4. The fractions were eluted from 1 or 2 cm cuts 
and protein determinations were made by the Folin 
method. The protein was precipitated by dialysis against 
saturated ammonium sulphate in the cold. The centri- 
fuged precipitates were dissolved by dialysis against 
saline followed by Hanks 's  solution. The fractions were 
tested for cytophilic ant ibody activity (with normal  and 
trypsinized macrophages), for complement-fixing anti-  
bodies and for hemagglutinating antibodies. Aliquots 
were also examined by  immunoelectrophoresis and starch 
gel electrophoresis s. 
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Effect of trypsin treatment of mouse macrophages on uptake of cytophilie antibodies 

Anti-sheep Dilution of serum 
erythrocyte serum Cells 

5 25 125 625 3125 No serum 

Early • Normal + + + + :]: e :/: ~ 
Trypsinized q_ e . . . .  

Hyperimmune b Normal + + + + + + + + + + + + + 
Trypsinized + + + +  + + + +  + + + +  +++ ++ 

Mice bled 7 days after s.c. injection of sheep erythrocytes in adjuvant, ~ Mice bled 28 days after s.c. injection of sheep erythrocytes in 
adjuvant and 7 days after i.p. injection of sheep erythrocytes in saline, o d: reactions are equivocal and are not considered significant. 
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In  h y p e r i m m u n e  se rum cytophi l ic ,  complement - f ix ing  
and hemagg lu t ina t i ng  act iv i t ies  were found in fract ions 
conta in ing 7- and fl-globulins. Cytophil ic,  b u t  not  o ther  
an t i body  ac t iv i ty ,  was also found in t he  f rac t ion  conta in-  
mg  a lbumin  wi th  some ~-g lobu l in ,  t he  l a t t e r  being 
de tec ted  on s tarch  gel electrophoresis  b u t  no t  on immuno-  
etectrophoresis  us ing  rabb i t  an t i -mouse  serum.  The  
cytophi l ic  a c t i v i t y  in the  ~,-fl area was grea ter  when  the  
fract ions were t i t r a t ed  on t ryps in ized  macrophages ,  
whereas t h a t  in the  a l b u m i u - ~  f rac t ion  was no t  de tec t -  
able wi th  t ryps in ized  macrophages  (Figure): F rac t iona-  
t ion of t he  ear ly  se rum revea led  cy tophi l ic  a c t i v i t y  only  
in the  albumin-a~-globul in f ract ions;  this  a c t i v i t y  was 
no t  de tec tab le  when  t ryps in ized  macrophages  were used. 
E a r l y  se rum conta ined  complemen t - f ix ing  ant ibodies  to  
ve ry  low t i t re  (1 : 10) and this a c t i v i t y  was lost  on frac- 
t ionat ion.  Elec t rophores is  of no rmal  se rum yie lded frac- 
t ions wi th  s imilar  componen t s  b u t  no cy tophi l ic  ac t iv i ty .  

I t  is t e m p t i n g  to specula te  t h a t  the  'a lbumin-~q'  
eytophi l ic  factor  a t t ach ing  to  a t ryps in  sensi t ive receptor  
m a y  be impl ica ted  in de layed- type  hypersens i t iv i ty  in 
the  mouse, especial ly as there  is a corre la t ion  be tween  
the  t i t re  of ' ea r ly '  a n t i b o d y  and the  in tens i ty  of  de layed 
footpad  react ions in p r imar i ly  immunized  animals*.  The  
f inding of cytophi l ic  a c t i v i t y  in such a f rac t ion is also 
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reminiscent  of an  unconf i rmed  repor t  by  RAUCH and 
FAVOUR ° t h a t  de layed- type  hyper sens i t iv i ty  in the  
guinea-pig  was t ransferable  wi th  large amoun t s  of a 
Cohn f rac t ion  ( IV-l )  con ta in ing  ma in ly  ~-gtobulin. The  
re la t ionship  of th is  cytophi l ic  fac tor  to conven t iona l  
immunoglobu l ins  also requires  inves t iga t ion :  does i t  
represen t  a new class of immunog lobu l in  h a v i n g  on ly  
cytophi l ic  ac t iv i ty ,  or does i t  represent  isolated chains or  
3.5 S f ragments  ~ of conven t iona l  immunoglobu l ins  ? Some 
caut ion  is requi red  in the  use of the  t e r m  ' a n t i b o d y '  to 
describe a fac tor  which  is not  a conven t iona l  i m m u n e -  
globulin.  The  specificit ies b o t h  of the  s t imul i  requi red  to  
induce its fo rmat ion  and  of the  affinit ies of the  factor ,  
once formed,  for foreign mater ia l ,  a re  a t  p resen t  unde r  
inves t iga t ion .  To date,  only  one of 7 pools of  sera f rom 
mice in jec ted  wi th  a d j u v a n t  a lone has been found to 
confer  on macrophages  an  a f f in i ty  for sheep e ry throcytes .  
Macrophages  t r e a t e d  wi th  ea r ly  ant i -sheep e ry th rocy te  
se rum have  shown an af f in i ty  for sheep e ry throcytes ,  bu t  
no t  human ,  guinea  pig or  o the r  mouse  e ry throcytes .  

E x p e r i m e n t s  are in progress to charac ter ize  fu r the r  
t he  na ture ,  s ignificance and origin of the  cytophi l ic  fac tor  
in ear ly  serum. The  present  exper iments ,  t oge the r  wi th  
those of o ther  workers,  indica te  a v e r y  considerable  
he te rogene i ty  among  cytophi l ic  an t ibodies  in g e n e r a l  
This  is now appa ren t  wi th  respect  to :  (a) the  t y p e  of cell 
to which cytophi l ic  ant ibodies  can a t t ach ,  e,g. macro-  
phage  cytophi l ic  ant ibodies ,  appea r  to  be d is t inct  f rom 
spleen cell  cytophi l ic  ant ibodies  ~, which m a y  in fact  a t t a ch  
to lymphocytesS;  (b) the  s e rum fract ions wi th in  which  
cy tophi l ic  ant ibodies  are found,  e.g. a m o n g  IgM (19 S) 
and IgG (7 S) in rabbi ts  and mice ° as well  as in the  
albumin-ax f rac t ion descr ibed here ;  (c) t he  receptors  to  
which different  classes of macrophage  cytophi l ic  ant i -  
bodies a t t ach  10. 

R~sumd. Des souris immunis~s avec  des globules rouges 
de m o u t o n  dans l ' a d j u v a n t  de F reund  produisen t  deux  
types  de fac teurs  cytophi les  pour  macrophages ,  L ' u n  
s ' a t t a che  aux  macrophages  trypsinis6es et  se t r ouve  
pa rmi  les immunoglobul ines .  L ' au t r e  ne  s ' a t t ache  pas 
aux  macrophages  trypsinis~es e t  se rencont re  dans  une  
f rac t ion de s6rum c o n t e n a n t  de l ' a lbumine  e t  de  la  
globuline-~ r 
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Pevikon C-870 block electrophoresis of a pool of hyperimmune 
serum, showing relative protein concentration (above), starch get 
electrophoretic patterns of fractions and results of antibody titrations 
of fractions and of whole serum. Mouse serum pool - 28 days, sheep 
erythrocytes in adjuvant s.c. plus boost at 21 days. The effects of 
trypsin treatment of macmphages on the uptake of cytophilic anti- 
bodies (as reflected by the subsequent uptake of sheep erythrocytes) 
are indicated as: + = increased uptake; -- = abolition of uptake. 
Similar patterns have been observed with other pools of hyper- 

immune serum. 
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