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The local izat ion of  phospholipid haptens (cardiolipin and phosphatidylinositol)  in f rozen and 
paraff in  sec t ions  of  mouse  l iver  fixed in acetone and in an a c e t o n e - b u f f e r - f o r m a l i n  mix ture  
was studied by the ind i rec t  f luorescen t  antibodies method. Antiphospholipid s e r a  spec i f ica l ly  
s tained the p l a s m a  m e m b r a n e s  of  the hepatoeytes ,  espec ia l ly  the region of the m e m b r a n e  
facing the blood sinus.  Detection of phospholipid haptens in l iver  sec t ions  with the aid of  ant i -  
phospholipid s e r a  depends on the method of  obtaining and ffxing the sect ions .  Depending on 
the method of immunizat ion ,  two types of  antiphospholipid s e r a  a re  obtained; they dif fer  in 
the i r  s tabi l i ty ,  in the poss ib i l i ty  of i sola t ing antibodies on lipid immunoso rben t s  f r o m  them, 
and in the i r  abil i ty to s tain l iver  sect ions.  
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By immunohis tochemica l  invest igat ion of  lipid haptens with the aid of  monospeci f ic  an t i s e r a  it is poss ible  
to de te rmine  the ce l lu la r  and subcet lu lar  local izat ion of individual lipid haptens in sect ions  of organs  and t i s sues ,  
so that  lipid haptens can be used as specif ic  m a r k e r s  of morphologica l  and functional cell  differentiat ion.  

Few immunohis tochemica l  s tudies of lipid haptens have been published. The dis tr ibut ion of glycolipid 
haptens (globoside and ce r am i de  lac tose  in human t i s sues  and globoside in ra t  t i s sues  [10], Gml -gang l io -  
side in human t i s sues  [5], and the phospholipid hapten cardiol ipin in r a t  o rgans  [9]} has been studied. 

The a im of the p resen t  invest igat ion was to obtain a n t i s e r u m  against  two phospholipid haptens and to study 
the specif ic  local izat ion of these  haptens on the hepatocyte  m e m b r a n e  of the mouse l iver .  The work  fo rms  pa r t  
of  an invest igat ion of the antigenic s t ruc tu re  of the p l a sma  m e m b r a n e s  of mouse l ive r  cel ls .  

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

Mouse l i ve r  cardiol ipin  (MLCL} was i so la ted  by the method of Faure  and C o u l o n - M o r e l e c  [6]. C o m m e r c i a l  
p r e p a r a t i o n s  of bovine hea r t  cardiol ipin  (BHCL), bovine brain  phosphat idyl inosi tol  (PI), and choles te ro l  and 
lecithin f r o m  egg yolk ( f rom Sigma) also were  used. 

An t i se ra  against  phospholipid haptens were  obtained by two methods.  In the f i r s t  method (type 1 ant isera)  
rabbi t s  were  immunized  with M-LCL and BHCL in t ravenous ly  on a l ternate  days (10 injections) by the method of 
Inoue and Noj ima [8]. A mix ture  of  lipid haptens with a c c e s s o r y  lipids (cholesterol  and lecithin) was used for 
immunizat ion .  Methylated bovine s e r u m  albumin (MBSA) se rved  as the c a r r i e r  protein.  The tota l  load of hapten 
pe r  rabbi t  was 3-5 mg. In the second method (type 2 ant isera)  the rabbi t s  were  immunized  repea ted ly  with 
MLCL. The f i r s t  immuniza t ion  cycle  was c a r r i e d  out by the method descr ibed  above. Two months af ter  the 
l as t  injection the rabbi t s  were  r e immunized  by injection of antigen mixed with F reund ' s  comple te  adjuvant into 
the popli teal  lymph nodes [7]. The immunizat ion  mix ture  was the s ame  as that  desc r ibed  in the f i r s t  method. 
The total  load of hapten pe r  rabbi t  was 6-10 rag. Blood was taken f r o m  the immunized  rabbi t s  on the 7th-9th 
day a f t e r  the l as t  inject ion of antigen. The an t i se ra  were  kept at -20°C.  Rabbit an t i s e ra  against  bovine brain  
PI, obtained by the f i r s t  method of immunizat ion ,  were  generous ly  provided by M. V. Sitkovskii and I. K. 
Vardanyan.  Ant isera  against  mouse l iver  cel l  "ghos ts"  [1] also were  used. Antibodies were  isola ted f rom the 
an t i s e r a  against  MLCL and the "ant i -ghos t"  s e r a  on an immunosorben t  p r epa red  f r o m  M-LCL and BHCL by the 
method of Coulon-NIorelec [4], 
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Fig. 1. Paraffin sections of mouse 
l iver  fixed in ABF: a) t rea tment  
with type 1 an t i -P I - s e rum;  b) t rea t -  
ment with type 2 an t i -CL-se rum.  
Here and in Figs. 2 and 3, objective 
40x, ocular ,  homal 3. 

The cel lular  localization of the lipid haptens in mouse l iver  sections was studied with the aid of immune 
s e r a  against lipid haptens by the indirect  f luorescent  antibodies method [3]. Two methods of obtaining the l iver  
sections were used: a) f rom frozen t issue f ragments  in a c ryos ta t  [3], b) f rom fragments  of l iver embedded in 
paraffin wax [2]. Paraffin sections were fixed: a) in anhydrous acetone (Ac) and b) in a mixture of acetone with 
0.03 M phosphate buffer, pH 6.1, and formalin (ABF) in the ratio of 45 : 25 : 30. The cryos ta t  sections were fixed 
in acetone. The l iver sections were incubated with antiphespholipid se ra  and with donkey se rum against rabbit  
7-globulin labeled with f luoreseein isothiocyanate.  As a control  of the specificity of f luorescence,  se ra  taken 
f rom rabbits before immunization, and also anti-CL and a n t i - P I - s e r a  neutral ized with homologous haptens and 
with heterologous lipids, were used. 

EXPERIMENTAL RESULTS 

All immune sera ,  both ant i -CL and anti-PI,  i r r espec t ive  of the method of immunization, stained paraffin 
sections fixed in Ac and ABF. The pat tern of f luorescence observed in the sections was the same for all immune 
se ra  (Fig. 1). Areas  of p lasma membranes  of the hepatocytes facing the blood sinuses were brightly f luorescent.  
Areas  of the membranes  between two adjacent hepatocytes gave much weaker f luorescence.  The cytoplasm of 
the cell  stained faintly. Individual ant isera  stained the nuclei more  brightly. F luorescence  of the Kuppfer cells 
and endothehum Of the blood vesse ls  was observed.  Nonimmune se ra  did not stain paraffin sections of the l iver  
after  the same fixation. 

On incubation of c ryos ta t  sections of mouse l iver  fixed in Ac with ant isera against CL and PI a difference 
was found between the ant isera  obtained by different methods of immunization. The type 2 an t i -CL- se r a  stained 
mainly the regions of the hepatoeyte membranes  opposite the blood sinuses in c ryos ta t  l iver  sections just  as in 
paraffin sections (Fig. 2a). On incubation of cryosta t  sections with type 1 ant i -CL and an t i -P I - se ra ,  fine and 
uniform f luorescence of the whole hepatocyte membrane was observed (Fig. 2b). This same type of f luorescence 
was observed if  the c ryos ta t  sections were t reated with s e r a  of immunized animals. 

To tes t  the specificity of the f luorescence,  ant isera  against MLCL were exhausted with the homologous 
hapten (MLCL) and also with cholesterol ,  lecithin, and MBSA, s ince  lecithin and cholesterol  were used as the 
acces so ry  lipids and MBSA as the c a r r i e r  protein during immunizat ion of the rabbits ~vith MLCL. Addition of 
cholesterol  and lecithin in doses of 10 mg and of 0.025 ml of 0.5% MBSA to 0.025 ml of ant iserum did not ex- 
haust  the an t i -CL-se rum,  which continued to stain the l i v e r  sections. After addition of 3 mg MLCL to 0.025 ml 
of ant iserum and t rea tment  of the l iver sections with adsorbed antiserum, no f luorescence was found. 
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Fig. 2. Cryosta t  sections through 
mouse l iver fixed in Ac: a) t r e a t -  
ment with type 2 ant i - serum;  b) 
t rea tment  with type 1 an t i -CL-se rum.  

Fig. 3. Cryosta t  sections through 
mouse l iver fixed in Ac, t reated 
with antibodies isolated on CL- 
immunosorbents  f rom type 2 anti- 
C L - s e r u m  (a) and "antighost" 
s e rum (b). 

The specif ici ty of f luoresence of the a n t i - C L - s e r a  was confirmed by treat ing the liver sections 
with antibodies eluted f rom immune se ra  with CL- immunosorbents .  On incubation of antibodies isolated 
f rom type 2 a n t i - C L - s e r a  on immunosorbents  prepared f rom MLCL with paraffin and c ryos ta t  l iver s e c -  
tions the pattern of f luorescence w a s  the same as that observed in sections t reated with native type 2 
an t i -CL-se ra .  Of all the s t ruc tures ,  the sinus granules of the hepatocytes gave the br ightes t  f luorescence (Fig. 
3a). In the same way, paraffin and c ryos ta t  l iver sections were stained by antibodies eluted' f rom ~anti-ghost ~ 
se ra  with CL- immunosorbents  (Fig. 3b). These antibodies were active in the complement fixation tes t  with 
MLCL. i~o antibodies could be isolated f rom type 1 a n t i - C L - s e r a  on immunosorbents  prepared from CL. F r a c -  
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t ions eluted f r o m  the immunoso rben t s  did not s tain mouse  l ive r  sect ions.  The C L - i m m u n o s o r b e n t  was incubated 
with a n t i s e r u m  against  mouse  ~,-globulin and a n t i - C L - s e r u m  incubated with immunosorben t  p r epa red  f r o m  
mouse  l ive r  glycolipids.  F rac t ions  eluted f r o m  the immunosorben t s  did not stain mouse  l ive r  sect ions.  These  
expe r imen t s  conf i rmed the speci f ic i ty  of the C L - i m m u n o s o r b e n t s  and the antibodies obtained f rom them.  

A v e r y  impor tan t  fac tor  in the immunohi s tochemica l  study of lipid haptens is the method of obtaining the 
sec t ions  and the choice of reagen ts  for  the i r  fixation. Dif ferences  in f luorescence  between immune  and nonimmune 
s e r a  were  found on paraff in  sect ions  fixed in Ac and ABF, for  all an t i s e r a  tes ted ,  and on c ryos t a t  sect ions fixed 
in Ac for  the type 2 s e r a  only. If a mix tu re  of  acetone and buffer  (1 : 1) was used to fix the paraff in  and c ryos t a t  
sec t ions ,  the f luorescence  of all  immune  s e r a  was indis t inguishable f r o m  that of  nonimmune.  This  f luorescence  
was probably  due to the p r e s e n c e  of n o r m a l  antibodies in the nonimmune and immune  se ra .  Recent  invest igat ions 
have shown that  unimmunized animal  and human s e r a  contain antibodies against  the g lycoprote ins  of the cell  
m e m b r a n e s  of e ry th rocy te s  and cer ta in  o ther  t i s sues  [11]. The pat tern  of f luorescence  in l iver  sect ions  when 
the s a m e  a n t i s e r u m  is used  depends not only on the fixative,  but also on the method of obtaining the sect ions.  
Type 1 an t i s e r a  against  phospholipid haptens in paraff in  sect ions  fixed in AC spec i f ica l ly  stained l ive r  cel l  m e m -  
b r anes  with the s t ronges t  f luorescence  in the sinus regions  of the m e m b r a n e s .  The s a m e  an t i s e r a  stained the 
whole hepatocyte  m e m b r a n e  faint ly and un i formly  in e r y o s t a t  l iver  sect ions  fixed in Ac; the pat tern  of f u o r e s c e n c e ,  
m o r e o v e r ,  was the s ame  as that  obtained with nonimmune se ra .  Depending on the method of obtaining the s e c -  
t ions and fixing the t i ssue ,  the s a m e  an t i s e rum probably  r evea l s  different  antigens in the sect ions.  

Immuniza t ion  of rabbi t s  with phospholipid haptens by the two different  methods yielded two types  of an t i -  
s e r a  which differed f r o m  each o ther  in va r ious  r e s p e c t s .  According to the resu l t s  of  the complement  fixation 
tes t ,  all an t i s e r a  of both type 1 and type 2 tes ted  by immunof luorescence  contained antibodies against  homologous 
haptens.  Neve r the l e s s ,  the type 1 an t i s e r a  revea led  lipid haptens in paraff in  sect ions of the l iver  fixed in both 
Ac and ABF, but did not r evea l  them in e ryos t a t  l iver  sect ions fixed in Ac. Type 2 an t i se ra  reac ted  with lipid 
haptens  in both paraff in  and c ryos t a t  l ive r  sec t ions  fixed in Ac. Antibodies against  lipid haptens contained in 
these  types  of an t i s e ra  also di f fered in the i r  stabil i ty:  in type 2 an t i se ra  the antibody t i t e r  was maintained for  
a long per iod (3-4 yea r s ) ,  whereas  the type 1 an t i se ra  were  quickly inact ivated (6 months) .  Specific ant ibodies  
were  i so la ted  f r o m  the type 2 an t i se ra  on lipid immunosorben t s ,  and no antibodies could be obtained f r o m  the 
type 1 an t i se ra .  Antibodies were  i so la ted  on MLCL immunosorben t s  f r om"an t i - ghos t "  an t i s e r a  obtained by 
the s ame  method of immunizat ion  as the type 2 ant isera .  "Ant i -ghost"  s e r a  maintained the i r  act ivi ty longer  
dur ing keeping. 

All the antiphospholipid s e r a ,  both an t i -CL and ant i -PI ,  which were  inves t iga ted  reac ted  with antigens in 
mouse l iver  sec t ions  to give the s ame  pa t te rn  of f luorescence .  In the complement  fixation tes t  all an t i -CL-  
s e r a  gave c ro s s  reac t ions  with phosphat idyl inosi tol  and, converse ly ,  all a n t i - P I - s e r a  r eac ted  with cardiol ipsin;  
the s a m e  antibody t i t e r ,  m o r e o v e r ,  was found in some an t i s e r a  when tes ted  with both homologous and he t e ro lo -  
gous haptens.  It  can tenta t ive ly  be suggested that  the  an t i -CL-  and a n t i - P I - s e r a  in the immunof luoreseence  
t e s t  r evea led  de te rminan t s  in the l ive r  sect ions  common to these  phospholipid haptens.  

The authors a re  gra teful  to P r o f e s s o r  G. I. Abelev for  constant  i n t e re s t  in the work  and for  valuable ad- 
v ice ,  to M. V. Sitkovskii (Labora to ry  of Physica l  C h e m i s t r y  of B i o m e m b r a n e s ,  Moscow State Univers i ty) ,  and 
to K. V. Vardanyan (Labora tory  of Transplan ta t ion  of Organs  and T i s sues ,  Academy of Medical Sciences of  the 
USSI~) for  generous ly  providing the an t i s e r a  and to O. A. Gavr i lov  for  technical  help with the exper iments .  
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