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The role  of the following immunological  f ac to rs ,  acting in a ce r ta in  sequence,  in the develop-  
ment  of exper imenta l  a t h e r o s c l e r o s i s  in rabbi t s  was demons t ra ted :  fo rmat ion  of antibodies 
against  a therogenic  l ipoproteins;  fo rmat ion  of the cor responding  c i rcula t ing  immune com-  
plexes inducing the initial  les ion of the v e s s e l  wall; p r o g r e s s i o n  of the a the rosc le ro t i c  lesions 
with the fo rmat ion  of secondary  autoantigens of the v e s s e l  walls and the r e sponse  to them,  ag-  
gravat ing  the exist ing immunopathological  p r o c e s s e s .  

Prev ious  invest igat ions [1-3, 5] have shown that se lec t ive  depress ion  of the immunological  r e sponse  
of rabbi t s  to homologous a therogenic  l ipoproteins  prevented  the development  of expe r imen ta l  a t h e r o s c l e -  
r o s i s  in the an imals  during prolonged cho les te ro l  feeding by N. N. Anichkov's  method. This suggested a 
ro le  of immunological  f ac to r s  in the development  of a t h e r o s c l e r o s i s ,  acting in a ce r ta in  sequence: the 
fo rmat ion  of (auto-) antibodies against  a therogenic  l ipoproteins;  the format ion  of cor responding  c i rcula t ing  
immune complexes  inducing the initial  lesion of the v e s s e l  wall; p r o g r e s s i o n  of the lesions with the f o r m a -  
tion of a the rosc le ro t i c  plaques and deeper  des t ruc t ion  of the v e s s e l  walls;  the appearance  of secondary  au- 
toantigens (vascular  antigens) and the r e sponse  to them,  aggravat ing the exist ing immunopathological  p ro -  
cess .  

A few repo r t s  have been published [6, 7] of the isolat ion (admittedly ra re ly )  of immune complexes  
among the l ipoproteins  and autoantibodies in the s e r a  of pat ients  with a the rose l e ros i s .  The re  is no c o r r e -  
sponding evidence as r ega rds  expe r imen ta l  a the rosc l e ros i s .  

The next s tep to be taken was ,  accordingly,  to de te rmine  the m o r e  detai led immunological  c h a r a c t e r -  
i s t ics  of expe r imen ta l  a t h e r o s c l e r o s i s ,  viz.:  to de te rmine  the curve  of f ree  antibodies against  homologous 
l ipoproteins;  to study the dynamics  of accumulat ion of the immune complex (atherogenic l ipoprotein - auto- 
antibodies) and its c i rcula t ion  and deposit ion in the wall  of the aorta;  to de te rmine  the level  of complement  
as an indicator  of the fo rmat ion  of immune complexes ;  to invest igate  local  a l le rg ic  skin reac t ions  to a t h e r -  
ogenic l ipoproteins  and to va s cu l a r  antigens. 

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

Exper imen t s  were  c a r r i e d  out on 89 male  rabbi t s  weighing 2.5-3 kg. Exper imenta l  a t he ro sc l e ro s i s  
was induced by N. N. Anichkov's  method,  giving cho les te ro l  in a daily dose of 0.5 g. The immunological  
t e s t s  were  c a r r i e d  out at weekly in terva ls  s t a r t ing  f r o m  the f i r s t  day a f te r  the beginning of cho les te ro l  
feeding and continuing until the 26th week. 

F r e e  antibodies (8 rabbi ts)  were  de te rmined  by the complement  fixation t e s t  (CFT at 4~ with a th e r -  
ogenic l ipoprote ins  (total f rac t ion  of ~-  and p re - f l - l i popro te ins )  isolated by the method of Klimov et al. [4] 
f r o m  the s e r a  of "hypercho les t e ro l "  rabbi ts  and f rozen  t o - 7 0 ~  
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The result  was taken as positive if hemolysis  was completely inhibited with a double dose of comple-  
ment. 

Immune complexes were isolated in two ways: 1) direct ly  f rom the blood se rum (44 rabbits) and 2) 
by in t radermal  tests  (11 rabbits). The immune complexes were prepared  and t e s t edby the  following scheme: 
precipitat ion of the immune complex by fract ionation of the se rum with a cur ren t  of CO 2 (by Ioffe's method); 
resuspension of the precipi tate  in Miehaelis buffer at pH 2.5 and precipitat ion of the antigen (lipoproteins) 
with BaSO 4 (by the method of Burstein et al. [8]); isolation of antibodies f rom the supernatant and their  con- 
centrat ion with ammonium sulfate; determination of their  specifici ty in the CFT with atherogenic l ipopro- 
reins. The use of skin tests  is based on the established ability of immune complexes (in a smal l  excess of 
antigen) to induce a local react ion when injected in t radermal ly  into an animal not only of another,  but also 
of the same species ,  or even into the same animal. To reproduce local react ions native se ra  were injected 
in t radermal ly  in doses of 0.05-0.1 ml into healthy rabbits and also into choles terol - fed  rabbits,  including 
the donors of the sera .  The reactions were read after 18-20 h in accordance with the diameter  of the in- 
f l ammatory  zone: + (0.5-1 cm), ++ (1-1.5 cm), +++ (1.5-2 cm). The same sys tem was used to evaluate lo- 
cal al lergic reactions in the experimental  and control  animals to atherogenic lipoproteins (prepared by 
Witebsky's  method f rom aor tas  of normal  rabbits). Antigens were injected in doses of 0.06 and 0.6 mg pro-  
tein in a volume of 0.1 ml. These doses did not cause react ions in the control  animals. 

Activity of complement  in the se ra  f rom 12 experimental  and four control  animals was determined 
repeatedly at intervals of three days by the s tandard method. Immunolumineseent investigation of the aor -  
tic wall for  the presence  of components of the immune complex was ca r r i ed  out by the c lass ica l  Coons '  
method using ant i sera  against  rabbit l ipoproteins,  y-globulin,  and fibrin in 44 rabbits tested serologieal ly  
for the presence  of circulat ing immune complex and exsanguinated at different t imes.  

EXPERIMENTAL RESULTS 

The experimental  resul ts  are  given in Table i. F ree  antibodies against atherogenic lipoproteins were 
obtained in ve ry  low concentrat ion towards the end of the f i rs t  week of cholesterol  feeding of the animals 
and the maximal  t i ter  (1 : 32) was obtained by the end of the second week of the experiment  af ter  whicli the 
concentrat ion of antibodies fell gradually until they disappeared by the 5th week of cholesterol  feeding and 
did not subsequently reappear .  

Circulat ing immune complex (44 rabbits tested, four rabbits at each time) was f i rs t  detected only in 
the third week after  the beginning of the experiment,  both by skin tests  and isolation of antilipoprotein anti- 
bodies f rom the sera.  The lat ter  were found in the 3rd-7th weeks of the experiment in low concentration,  
although none could be found in the 5th week; at this per iod no immune complex could be found in the test  
s e ra  by means of skin tests .  Later ,  paral lel  with p rogress ion  of the a theroselerot ie  lesions, the level 
of specific antibodies which could be isolated f rom the circulat ing immune complex rose  sharply to reach 
a maximum (1 : 64) by the l l t h -12 th  week f rom the beginning of the experiment.  The immune complex could 
be detected regular ly  in s e r a  taken in the 7th-9th weeks after  their  use in the skin test  (no tests  were c a r -  
r ied out with the se ra  obtained later). 

Immunomorphological  investigations s tar t ing with the 3rd-4th week revealed fixation of the compo- 
nents of the immune complex (lipoproteins and autologous y-globulin) in the aort ic  wall of the experimental  
rabbits in the same areas  of the intima (Fig. 1). Definite fixation of the immune complex in the t issues was 
found at all subsequent t imes of observation,  including in the 6th week, i.e., at the t ime when circulat ing 
complex f i rs t  disappeared f rom the blood. This phenomenon can evidently be explained by its fixation in 
the t issues.  

Under these c i rcumstances  the permeabi l i ty  of the endothelial b a r r i e r  was evidently increased,  as 
shown by fixation of fibrin in increas ing  amounts in the aort ic  wall. 

The dynamics of the changes in the complement level corresponded to the observat ions on circulat ing 
and fixed immune complexes described.  For  instance, the f i r s t  considerable decrease  in the complement 
level also was observed in the 4th-Sth week, corresponding to the initial morphological  manifestations of 
a the rosc le ros i s ,  possibly as a resul t  of the fixation of complement by immune complex localized in the ves -  
sel wall. Later ,  a wave-like curve at a lowered level with distinct "troughs" was observed,  for example, 
in the 7th-8th week, when fixation of y-globulin on elast ic fibers in the disintegrating a therosclerot ie  
plaques could be observed simultaneously by immunomorphological  methods. 
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Fig. 1. Local izat ion of l ipoproteins  and y-globul in  in the a o r -  
tic wall  of a rabbit:  a) luminescence  of l ipoproteins;  b) lumi -  
nescence  of y-g lobul in  in a pa ra l l e l  sect ion.  Durat ion of cho-  
l e s t e ro l  feeding 4 weeks;  t r ea ted  by the Coon's  method,  objec-  
t ive 40, ocular ,  wa te r  immers ion ,  1.7. 

Final ly ,  attention is drawn to the cha rac t e r i s t i c  dynamics  of the a l le rg ic  skin reac t ions  ref lec t ing 
sens i t iza t ion  to the a therogenic  and vascu l a r  antigens. Posi t ive  reac t ions  to a therogenic  l ipoproteins  (the 
total  f rac t ion  of fi- and p re - f l - l i popro te ins )  were  obse rved  in the exper imenta l  an imals  by the end of the 
2nd week f r o m  the beginning of the exper iment ;  they reached the i r  max ima l  intensi ty in the 7th-8th week 
and d i sappeared  in the 10th week of the exper iment .  Reactions to the vascu l a r  antigen appeared  much la t -  
e r  - in the 7th-8th week (the end of the per iod  of g r ea t e s t  intensity of the skin reac t ion  with l ipoproteins) .  
They remained  posi t ive  at the 22nd week of the exper imen t  and gradual ly  d i sappeared  by the 26th week. 

The resu l t s  descr ibed  above thus conf i rmed the hypothesis  of a role  of immunological  fac tors  in the 
development  of exper imenta l  a t h e r o s c l e r o s i s ,  of the i r  c h a r a c t e r  (an initiating fac tor ,  in the f o r m  of the i m -  
mune r e sponse  to a therogenic  l ipoproteins  and autosensi t izat ion to va scu l a r  antigens in the l a te r  s tages) ,  
and of the sequence of immunological  events in the f o r m i n w h i c h  it was descr ibed  provis iona l ly  at the be -  
ginning of this paper .  The immunological  cha r ac t e r i s t i c s  of exper imenta l  a t he ro sc l e ro s i s  desc r ibed  above 
cannot,  of course ,  c l a im to be exhaust ive,  and much sti l l  r equ i res  close study. Never the le s s ,  the r e su l t s  
so fa r  obtained provide  a sufficiently sound bas i s  and r e f e r ence  point for  the study of fac tors  influencing 
exper imenta l  a the rosc l e ros i s .  

They also p e r m i t  some  degree  of ext rapola t ion  toward clinical  p r o b l e m s ,  with an indication of ways 
and methods of investigation. 
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