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PREPARATION OF LIPOSOMES WITH IMMUNOLOGICAL 

SPECIFICITY 

L. B. Margolis and N. A. Dorfman UDC 612.017.1-085.2 

Artif icial  lipid vesicles  (liposomes} containing immunoglobulins were obtained. The immuno-  
globulins contained in the l iposomes were shown to p rese rve  their immunological  activity:  
Liposomes containing rabbit anti-mouse immunoglohulin agglutinate under the influence of 
donkey anti-rabbit immunoglobulin or mouse serum. Liposomes containing inulin-3H, carry- 
ing immunoglobulins against antigenic determinants of the cell surface were selectively bound 
by target cells but not by control cells. Specific binding with cell surface antigenic determi- 
nants was also demonstrated for liposomes carrying nonimmune globulins as well as i rnmuno- 
globulins. It was shown by the direct immunofluorescence method that nonimmune globulins, 
in the form of complexes with immune liposomes, are selectively bound by target cells. With 
the aid of such liposomes it is possible to supply substances selectively to certain types of 
cells and also to "fit" new antigens into the cell membrane. 
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Reports  have recent ly  been published on the introduction of substances incorporated in to art if icial  lipid 
vesic les  (liposomes) into cells  in vivo and in vitro [3, 7, 10-12]. However, opportunities for using l iposomes 
as c a r r i e r s  of substances in vivo are  limited by the specificity of their distribution among the t issues [ 7, 9]. 
For  the direct ional  introduction of substances with the aid of l iposomes it would be worthwhile to be ab le to  
bind l iposomes select ively with cells of a par t icular  type. 

This paper descr ibes  a method of obtaining l iposomes with immunological  specificity and their selective 
binding to cells.  

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

Inulin-3H (specific activity 690 m C i / m m o l e )  was obtained from the Radiochemical  Centre, Amersham,  
England. Concanavalin A was kindly provided by V. I. Gel'fand. Rabbit and ra t  immunoglobulins were obtained 
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Fig .  1. S e p a r a t i o n  of l i p o s o m e s  f r o m  f r e e  i m m u n o g l o b u l i n  and 
inul in-3H on S e p h a r o s e  6B co lumn.  Volume of f r a c t i o n s  1.5 c m  3. 
1) R a d i o a c t i v i t y  (0.15 ml) ;  2) o p t i c a l  dens i t y .  

T A B L E  1. I m m u n o a g g l u t i n a t i o n  of L i p o s o m e s  
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Legend. RIG) Rabbit anti-mouse immunoglobulin; MS) 
mouse serum; DG) donkey anti-rabbit immunoglobulin; 
NRG) nonimmune rabbit l 'gl~ Agglutination of 
liposomes carried out in drop on coverslip and assessed 
by 5-point system (++++ very strong agglutination. - no 
agglutination). 

on D E A E - S e p h a d e x  A-50  [5 ] .  P h o s p h a t i d y l c h o l i n e  was  g e n e r o u s l y  p r o v i d e d  by L. I. Ba r sukov .  The  p u r i t y  of 
the l ip id  was  t e s t ed  by t h i n - l a y e r  c h r o m a t o g r a p h y  on s i l i c a - g e l  p l a t e s .  To ob ta in  l i p o s o m e s ,  20 ~ m o l e s  p h o s -  
p h a t i d y l c h o l i n e  in an o r g a n i c  s o l v e n t  was  p o u r e d  into a r o u n d - b o t t o m e d  f l a s k  and e v a p o r a t e d  to d r y n e s s  on a 
r o t a r y  v a p o r i z e r .  To the f i l m  of l i p i d s  thus  ob ta ined  1 ml  bu f f e r ed  s a l t  so lu t ion  (BSS) con ta in ing  the d i s s o l v e d  
i m m u n o g l o b u l i n  (20 m g / m l )  was  added .  In s o m e  e x p e r i m e n t s  the  so lu t i on  a l s o  con t a ined  inul in-3H (250 ~ C i /  
m l ) .  The  f l a s k  was  s h a k e n  and the  s u s p e n s i o n  s o n i c a t e d  on the UZDN-1  u l t r a s o n i c  d i s i n t e g r a t o r  f o r  20 
m i n  a t  4~ with  a f r e q u e n c y  of 22 kHz.  L i p o s o m e s  w e r e  s e p a r a t e d  f r o m  the  f r e e  i m m u n o g l o b u l i n  on a c o l -  
umn  (420 • 18 mm) wi th  S e p h a r o s e  6B a t  a r a t e  of e lu t ion  of 12-15 m l / h .  The  y i e l d  of l i p o s o m e s  was  m o n i -  
t o r e d  s p e c t r o p h o t o m e t r i c a l l y  on the b a s i s  of o p t i c a l  d e n s i t y  (k = 280 nm) and of c a p t u r e d  r a d i o a c t i v i t y .  

Mouse  s p l e e n  c e i l s  a d s o r b e d  on a F o r m v a r  f i lm  [2] and s e c o n d a r y  c u l t u r e s  of m o u s e  e m b r y o n i c  f i b r o -  
b l a s t s ,  g rown on c o v e r s l i p s  in p e n i c i l l i n  f l a s k s  [ 1] w e r e  used .  The  c e i l s  w e r e  t r e a t e d  on the c o v e r s l i p s .  The  
c e l l s  w e r e  i ncuba ted  fo r  15 min  in BSS wi th  c o n c a n a v a l i n  A (150 p g / m l ) .  A f t e r  t h r e e  w a s h e s  wi th  BSS the 
c u l t u r e s  w e r e  then  incuba ted  for  15 min  in a so lu t ion  of l i p o s o m e s .  The  c e l l s  w e r e  then washed  t h r e e  t i m e s  
aga in  with BSS and t r e a t e d  with f l u o r e s c e n t  a n t i s e r a  (obta ined  f r o m  the N .  F.  G a m a l e y a  In s t i t u t e  of E p i d e m i o l -  
ogy and M i c r o b i o l o g y ) .  In s o m e  e x p e r i m e n t s ,  s a m p l e s  w e r e  p r e p a r e d  f r o m  the.se c u l t u r e s  fo r  count ing  the 
l abe l  [ 5] on a M a r k  II ( N u c l e a r  Chicago)  s c i n t i l l a t i o n  coun te r .  

EXPERIMENTAL RESULTS 

Preparation of Immunoglobulin-Containing Liposomes. The liposomes were separated from free im- 
munoglobulin by gel filtration: The liposomes migrated into the outer space of the column, the free immuno- 
globulin into the inner space. If the solution in which the liposomes were sonicated containedinulin-3H, apeak 
of radioactivity appeared during gel filtration which coincided with the peak of liposomes determined spectro- 
photometrically (Fig. i). Electron microscopy confirmed the presence of liposomes in the test fraction. The 
liposomes were not fractionated by size. 

The presence of immunoglobulins thus did not prevent the formation of liposomes capable of retaining 
inul in .  
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Fig. 2. Immunofluorescence of spleen cells treated with immune ant i -con-  
canavalin l iposomes:  a and b) cells  treated beforehand with concanavalin A 
( a -  phase -con t ras t  microscopy,  b -  immunofluorescence);  c and d) control  
cells not treated with concanavalin A (c - phase-con t ras t  microscopy,  
d - immunofluorescence).  Magnification 1600x. F luorescence  under the in- 
fluence of ant i -rabbi t  serum. 

To test  whether the l iposomes contained immunoglobulins, immunoagglutination of the l iposomes was in- 
vestigated. If mouse se rum or donkey ant i - rabbi t  immunoglobulin was added to the l iposomes sonicated in a 
solution of rabbit  ant i -mouse immunoglobulin {after separat ion from the free immunoglobulin), the l iposomes 
agglutinated. Addition of the control solution containing nonimmune T globulin to the ! iposomes  did not cause 
agglutination. For  immunoagglUtination of the l iposomes it was essential  that sonication of the lipid emulsion 
during prepara t ion of the l iposomes took place in a solution of immunoglobulin. Incubation of l iposomes soni-  
cated in BSS with immunoglobulin, followed by separat ion of the free immunoglobulin by gel filtration, led to 
the formation of l iposomes giving only weak agglutination in the sys tem described {Table 1). 
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Fig.  3. Immunof luorescence  of spleen ce l l s  t r ea ted  with immune an t i - con -  
canaval in  l iposomes  containing nonimmune rabb i t  ~ globulin, a and b) Cel ls  
t r ea ted  beforehand with concanaval in  A ( a -  p h a s e - c o n t r a s t  mic roscopy ,  
b - immunof luorescence) ;  c and d) control  ce l l s  not t r ea ted  with concanaval in  
A (c - p h a s e - c o n t r a s t  mic roscopy ,  d - immunof luorescence) .  Magnif icat ion 
1600x. F l u o r e s c e n c e  under  influence of a n t i - r a t  se rum.  

The l iposomes  obtained thus contained immunoglobul in  which p r e s e r v e d  i ts  immunologica l  act ivi ty  while 
in the l iposomes .  

Binding of Immune L iposomes  to the Cel ls .  The se l ec t iv i ty  of binding of the l iposomes  to ce l l s  was in-  
ves t iga ted  in a model  s y s t e m  in which ant igenic d i f f e rences  of the su r face  of the ce l l s  were  obtained by t r e a t -  
ing some of the ce l l s  with concanaval in  A. Immune l iposomes  were  obtained as desc r ibed  above by combined 

sonieat ion of a phospholipid f i lm with rabb i t  immunoglobul in  agains t  concanaval in  A. Binding of the immuno-  
g lobul in-conta in ing  l iposomes  to the ce l l  su r face  was de te rmined  by the ind i r ec t  immunof luorescence  method 
with labeled donkey a n t i - r a b b i t  se rum.  
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After t reatment  of the cells with immune l iposomes for 15 min appreciable f luorescence of the cul tures  
previously  treated with concanavalin A was observed (Fig. 2a, b). Control cells  not treated with concanavalin 
A gave virtually no f luorescence (Fig. 2c, d). Trea tment  of the cells  incubated with concanavalin with non- 
immune l iposomes,  followed by incubation with labeled donkey ant iserum, did not lead to the appearance of 
f luorescent  cel ls  in the culture.  

It follows f rom these exper iments  that on incubation of immune l iposomes with target  cel ls ,  binding of 
immunoglobulins of the l iposomes with antigenic determinants  of the cell  surface takes place. 

However, the select ivi ty of binding of the l iposomes themselves still remained to be proved, for the 
f luorescence which was observed could have ar isen through escape of the immunoglobulins f rom the l iposomes 
into the solution (for example, as a resul t  of lysis of the l iposomes on interact ion with the cell). To prove 
the select ivi ty of binding of the l iposomes themselves  the following experiments  were  ca r r i ed  out. 

Immune l iposomes were  obtained in a solution of inulin-3H, so that after separat ion of the l iposomes f rom 
the free label they contained not only immunoglobulins,  but also labeled inulin. After incubation of these lipo- 
somes  with the cells and after  r insing to remove the unbound label, the radioactivi ty of the ceils was m e a -  
sured.  Much more  of the label (2850 counts /min/105 cells) was bound with cells  previously  treated with con-  
canavalin A than with the control,  untreated cells  (220 counts/min/105 cells). The addition of unlabeled im-  
mune l iposomes and free inulin-3H (in the same concentrat ion as in the liposomes) to cells  treated with con- 
canavatin A did not increase  the degree of binding of the label compared with the control  cul tures ,  untreated 
with concanavalin. 

Fur the r  evidence of the selectivity of binding of the immune l iposomes with the target  cells was given by 
the next experiment:  Ceils were incubated with immune l iposomes ca r ry ing  not only immune rabbit ant i -con-  
canavalin immunoglobulins,  but also normal  nonimmune rat  immunoglobulins. In this experiment adsorption 
of l iposomes was detected from f luorescence of the cul tures after  t rea tment  of the cells with f luorescent  r ab -  
bit ant iserum against ra t  globulins. Normal  globulin was bound in this experiment  only to cells treated be- 
forehand with concanavalin A (Fig. 3a and b). Binding of normal  rat  globulin by the ceils in the normal  cul-  
tures was negligible (Fig. 3c and d). 

Immune t iposomes are  thus select ively bound with the antigenic determinants  of the cell surface.  This 
last  experiment  also showed that foreign proteins can be delivered to the cell  surface with the aid of immune 
l iposomes.  

When this investigation was finished, we learned of a paper by Gregor iadis  and Neerunjun [8],  who suc-  
ceeded in delivering labeled bleomycin selectively to cer ta in  types of cells with the aid of immune l iposomes.  
Other approaches to the problem of increas ing the affinity of therapeutic preparat ions  for par t icular  organs 
with the aid of antibodies have also been suggested [4]. 

The au thors  are grateful to Corresponding Member of the Academy of Sciences of the USSR L. D. 
Berge l ' son  for valuable cr i t ical  comments  and interes t  in the work. 
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