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P I N O C Y T O S I S  OF S E R U M  G L O B U L I N S  BY M A C R O P H A G E S  
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His t iocytes  (macrophages  f r o m  the bone m a r r o w  of guinea pigs),  cul t ivated in v i t ro ,  act ively 
engage in pinocytosis  of homologous and, in pa r t i cu la r ,  heterologous immunoglobulins.  Auto-  
logous immunoglobulins ,  capable of giving an in t race l lu la r  specif ic  reac t ion  with phagocytosed 
typhoid bac te r ia ,  were  found only in a few macrophages .  Autologous immunoglobul ins  were  
detected in a la rge  propor t ion  of rabbi t  a lveo la r  macrophages  not cult ivated in v i t ro .  

The exis tence of t i s sue  immuni ty  without antibodies has been conclusively proved  [1, 3, 6, 7, 12, 13]. 
However,  it has been repor ted  that antibodies must  be p resen t  in the surrounding medium for  in t race l lu la r  
des t ruct ion of bac t e r i a  in macrophages  [14]. In cases  when specif ic  globulins c i rcu la te  in an immune organ~- 
i sm,  it is difficult to make a different ial  study of the "humora l"  and "ce l lu la r"  f ac to r s  of immuni ty .  In 
such cases  a s impl i f ied  m i c r o o r g a n i s m - p h a g o c y t e  sy s t em is widely employed in v i t ro ,  in which the ce i l s  
of an immunized  donor a r e  f i r s t  washed in o rde r  to prevent  any opsonizing action of the se rum.  However,  
a f t e r  the d iscovery  of the phenomenon of p inocytos is ,  it appea r s  that this method is not effect ive,  because  
the globulin undergoing pinocytosis  is located in t race l lu la r ly .  

In an e a r l i e r  paper  the w r i t e r s  descr ibed  the ability of macrophages  to c a r r y  out pinocytosis  of s e r u m  
globulins [5]. In the invest igat ion desc r ibed  below, pinocytosis  of immunoglobulins by macrophages  in v i t ro  
and in vivo was studied. 

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

Macrophages  (hist iocytes f r o m  the bone m a r r o w  of guinea pigs) were  cult ivated in v i t ro  on cover  
sl ips in medium No. 199 with 20% inact ivated bovine s e r u m  [4]. During cultivation, the p r e c u r s o r  cei ls  
underwent t r ans fo rma t ion  into mac rophage -h i s t i ocy t e s  [2]. Alveolar  macrophages  were  washed out of the 
lungs taken f r o m  the thorax of an exsanguinated rabbit .  The suspension of cei ls  was centr i fuged 3 or  4 
t imes  in medium No. 199 with 2% inact ivated bovine s e r u m ,  a f t e r  which the supernatant  did not give a p r e -  
cipitation react ion  with a n t i s e r u m  against  rabbi t  globulins.  In compara t ive  expe r imen t s ,  a cul ture of t r a n s -  
plantable f ib rob las t s  (L strain)  also was used.  F i lms  of a lveo la r  macrophages  and monolayer  cu l tures  of 
his t iocytes  and f ib roblas t ,  fixed in ethanol,  were  s tained by di rec t  and indirect  l uminescence - se ro log ic  
methods for  detecting in t race l lu la r  (pinocytosed) globulins.  The spec imens  were  then mounted in a m i x -  
tu re  of g lycerol  with physiological  sal ine.  The ML-2 mic roscope ,  with FS-1-2  energiz ing f i l t e r  and No. 1 
(ZhS-18-2 and ZhZS-19-1) shut-off  filters~ were  used for  l u m i n e s c e n c e - m i c r o s c o p i c  examinat ion of the 
spec imens .  Fo rpho tomic rog raphy ,  90 x l a n d  25-FL (oil immers ion)  object ives ,  a Homal  5 x ocular ,  and 
foto-250 or  RF-3  f i lm were  used. 

The luminescent  s e r a  labeled with f luoresce in  isothiocyanate and the dry globulins (predominantly 
7 globulins) of rabbi t ,  horse ,  and guinea pig were  kindly made avai lable by K. L. Shakhanina. 

E X P E R I M E N T A L  R E S U L T S  

Pinocytos is  of heterologous globulin was studied in the e x p e r i m e n t s  of s e r i e s  I. T h r e e - d a y  cul tures  
of h is t iocytes  (guinea pig bone m a r r o w  macrophages)  were  incubated for  60-90 rain in medium No. 199 with 
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Fig.  1. Pinocytos is  of globulins by macrophages ,  a, b) Bone m a r r o w  
his t iocytes ,  specif ic  luminescence  of heterologous (rabbit) globulin; 
c) specif ic  luminescence  of bac t e r i a  (0901) s tained by labeled an t i s e rum 
against  guinea pig globulins; d) speci f ic  luminescence  of homologous 
globulin in h i s t i ocy t e -mac rophages ;  e) specif ic  luminescence  of 
heterologous (rabbit) globulin in f ib rob las t s ;  f) specif ic  luminescence  
of autologous globulin in 2 rabbi t  a lveo la r  macrophages .  

1-2 m g / m l  rabbi t  globulin. Cul tures  of f ib rob las t s  were  t r ea t ed  in the same way. The cul tures  on cover  
s l ips  were  then carefu l ly  washed,  fixed, and s tained by the d i rec t  method with labeled ass  a n t i s e r u m  against  
rabbi t  globulins.  This  same  s e r u m  was used to stain some spec imens  incubated with horse  globulin. 

Cul tures  of mac rophages  incubated with rabbi t  globulin were  also stained with nonspeeif ic  labeled 
se rum.  In the speci f ica l ly  s tained spec imens  more  than 80% of the h i s t iocy te -macrophages  contained 
bright g reen  luminescent  i n c l u s i o n s  r e sembl ing  drople ts  of different  s i zes ,  which joined together  to f o r m  
large  conglomerat ions  in the cell  cy top lasm (Fig. l a ,  b). By cont ras t  to these  cel ls ,  the f ib rob las t s  con-  
tained much less  p inocytosed globulin, which was de tec t ed  by luminescence  mic roscopy  mere ly  as punctate,  
specif ical ly  luminescent  inclusions (Fig. le ) .  

In a s i m i l a r  exper imen t ,  p inocytos is  of homologous globulin by h i s t i ocy te -mac rophages  was observed  
(Fig. ld),  

The object of the expe r imen t s  of s e r i e s  II was to detect  autologous globulins in rabbi t  a lveo la r  m a c r o -  
phages and in guinea pig h i s t i ocy t e -mac rophages .  Many of the cel ls  in f i lms  of a lveo la r  macrophages ,  
s tained by the d i rec t  l uminescence - se ro log i c  method, contained the requ i red  globulins (Fig. if) .  Recently 
immunoglobulins  have been demons t ra t ed  in human mac rophages  by tes t ing with e ry th rocy t e s  sens i t ized  
with antibodies against  IgG [9]. Antibodies also were  found even e a r l i e r  in ex t r ac t s  of a lveo la r  macrophages  
[10], where  they had evidently undergone pinocytosis  because  these  cel ls  did not produce antibodies in the 
r ec ip i en t ' s  body. 

At tempts  to detect  autologous globulins in guinea pig h i s t i ocy te -mac rophages  cult ivated in v i t ro  did 
not y ie ld  convincing r e su l t s  when e i ther  the d i rec t  o r  the indirect  staining method was used. 

It is poss ib le  that h i s t i ocy t e -mac rophages  obtained by t r ans fo rma t ion  in v i t ro  f rom bone m a r r o w  
mononuclear  cel ls  no longer  contained globulins on the 3rd-4th  day of cultivation. The possibi l i ty  l ikewise 
is not ruled out that  t r a c e s  of un i formly  dis t r ibuted globulin, when stained by the l uminescence - se ro log i c  
method,  may  give weak,  diffuse luminescence  which it would be difficult to accept  as specif ic  in the p resence  
of even a v e r y  slight nonspecif ic  background.  To detect  in t race l lu la r  antibodies in such si tuations it was 
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decided to adsorb  them specif ical ly  on the surface  of a bac te r ia l  cell ,  and then to stain them with a s p e c i -  
fic ant iprotein labeled s e rum .  

Cultures of h i s t i ocy te -macrophages  were  obtained f r o m  the bone m a r r o w  of immunized  guinea pigs 
in whose s e r a  the t i t e r  of specif ic  agglutinins against  Salmonella  ty_j~hi s t ra in  0-901 was 1 : 320-1 : 640. On 
the 3rd-4th  day of cultivation, washed mac rophage -h i s t i ocy te s  were  incubated with ki l led bac te r i a  (0-901; 
50-100 • G ml) in medium No. 199 without s e rum.  After  1.5 h, when nea r ly  all macrophages  contained 
phagocytosed bac te r ia ,  the cul tures  were  fixed and stained with labeled an t i s e rum against  guinea p igg lobu-  
l ins.  Control f i lms  of bac te r ia  t r ea t ed  with this s e r u m  did not give specif ic  luminescence  in act ivat ing blue 
light, but phagocytosed bac t e r i a  gave a br ight  luminescence  a f t e r  staining with this  same s e r u m ,  indicating 
that  specif ical ly  at tached guinea pig globulins were  p resen t  on the sur face  of the bac t e r i a  (Fig. lc ) .  

Hence,  the use of a combination of phagocytos is  and luminescence - se ro log ic  methods showed that  
globulins (antibodies),  a f te r  undergoing pinocytos is ,  can reac t  specif ical ly  with in t race l lu la r  antigen, in 
this case with phagocytosed bac te r i a .  However,  unlike a lveo la r  macrophages ,  the h i s t i ocy te -mac rophages  
obtained in v i t ro  contained globulins v e r y  r a r e l y  (0.5-2%of cells),, although the source  of near ly  all m a -  
crophages  in the body is b o n e - m a r r o w  cel ls  [8, 11, 15]. This  di f ference in the globulin content is evidently 
due to the fact  that in the f i r s t  case  the macrophages  were  fo rmed  in v i t ro  [2] in the absence  of autologous 
globulins,  while in the second case they were  fo rmed  in vivo.  

This invest igat ion thus evidently demons t r a t e s  the need for  tes t ing  macrophages  for  the i r  content of 
globulins when ce l lu lar  immuni ty  is studied, espec ia l ly  when the macrophages  used were  not obtained f r o m  
bone m a r r o w  and were  not cult ivated in v i t ro .  The possible  role  of p inocytosis  of immunoglobulins  in the 
mechan i sm of pass ive  immuni ty  cannot be ruled out. 
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