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The  e a r l y  s t ages  of amylo idogenes is  ~vere s tudied in expe r imen t s  on mice .  F rozen  sect ions  
through the spleen and o ther  o rgans  were  incubated by the indi rec t  Coons '  method init ially with 
pu re  r abb i t  ant ibodies  aga ins t  f ib r i l l a ry  p ro te in  of mouse  amyloid ,  l a t e r  with pu re  f luorescen t  
goat antibodies agains t  r abb i t  IgG. In the ea r ly  s tages ,  a f te r  one or  two injections of casein,  
amyloid  pro te in  was obse rved  to appear  in the  in te rce l lu la r  space and in the blood filling the 
lumen of the s inuses  of the spleen and l iver .  The  fo rmat ion  of typica l  deposi ts  of amyloid in 
the spleen was comple te  by the 5th-7th day of the  expe r imen t  a f te r  t h ree  to f ive injections of 
case in .  
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The or igin  of amyloid  pro te in  in secondary  amylo idos i s  in man and in expe r imen ta l  amylo idos i s  of ani-  
m a l s  is unknown. Bes ides  the f ib r i l l a ry  pro te in  of the t i s sue  amyloid,  r e l a t ive ly  r ecen t ly  a soluble amyloid  
p ro te in  has  been found in the blood of pat ients  and an ima l s  with common antigenic de te rminan t s  with f ib r i l l a ry  
p ro te in  [11]. Most inves t iga tors  who have studied the fo rmat ion  of specif ic  amyloid  f ibr i l s  in exper imenta l  
amylo idos i s  have used e lec t ron  mic roscopy .  Some w o r k e r s  have concluded that  the amyloid  f ibr i ls  a r e  fo rmed  
in t race l lu la r ly ,  spec i f ica l ly  within the l y s o s o m e s  [13], whe reas  o thers  conclude that  they a r e  fo rmed  ex t race l lu -  
l a r ly  [3]. However ,  it is imposs ib le  by e lec t ron  m i c r o s c o p y  to de t e rmine  whether  the cell  is the p roducer  of 
the amyloid  p ro te in  or  whether  it s imply  pa r t i c ipa t e s  somehow in i ts  convers ion  into f ibr i l s .  The mos t  re l i ab le  
method of de te rmina t ion  of the ce l l s  synthes iz ing amyloid  p ro te in  is the immunomorphologica l  method, using 
speci f ic  an t i se ra  agains t  the r equ i red  antigen p ro te ins .  

The  object  of this invest igat ion was to study amyloid  fo rmat ion  in the initial s tages  of amylo idogenes is  
in mice .  

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

For  the immunomorphologica l  study 80 mice  of s t r a i n s  CB, C57BL, and B A L B / c  were  given daily sub-  
cutaneous injections of 1 ml 13% sodium case ina te .  The  an ima l s  were  kil led a f te r  1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10 injections r e spec t ive ly ,  on the 2rid, 3rd, 4th, 5th, 7th, 8th, 9th, and 10th days of the expe r imen t  (group 1). 
Twenty  B A L B / c  mice  r ece ived  a daily injection of 0.5 ml  of 13% sodium casein~te  and were  ki l led a t  the s ame  
t imes  (group 2). Ser ia l  f rozen  sec t ions  through the spleen,  l ive r ,  kidney, hear t ,  and adrena l s  of each mouse  
were  s ta ined with thioflavin T and Congo red  and tes ted  by the indi rec t  Coons '  method.  In the f i r s t  s tage the 
sect ions  were  incubated with pure  r abb i t  ant ibodies agains t  mouse  amyloid  f ibr i l  p ro te in  (AFP), isolated f r o m  
the co r respond ing  a n t i s e r u m  with the aid of a solid adsorben t  [6]. The a n t i s e r u m  was obtained a f te r  prolonged 
(8-9 months) immunizat ion of r abb i t s  with hydrolyzed pu re  mouse  AFP [2] in F r e u n d ' s  complete  adjuvant, and 
before  isolat ion of the antibodies it was  absorbed  with hydrolyzed homogenate  of normal  mouse Organs. In the 
second stage the sect ions were  incubated with goat antibodies against  rabb i t  immunoglobulin G, labeled with 
f luoresce in  isothiocyanate .  As a control  of speci f ic i ty  of the antibodies to mouse  AFP,  no rma l  mouse  organs  
were  t r ea t ed  with t hem and amyloid  o rgans  were  incubated with nonimmune rabb i t  T globulin or  with antibodies 
of other specif ic i ty .  In both cases  the specif ic  f luorescence  was comple te ly  absent .  

L a b o r a t o r y  of Genera l  Pathological  Anatomy, Inst i tute  of Human Morphology, Academy of Medical Sci-  
ences  of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences  of the USSR A. P .  
Avtsyn.)  T r a n s l a t e d  f r o m  Byul le ten '  t~ksper imenta l 'noi  Biologii  i Meditsiny, Vol. 85, No. 2, pp. 232-234, 
F e b r u a r y ,  1978. Original  a r t i c l e  submit ted May 30, 1977. 

0007-4888/78/8502-0239 $07.50 �9 1978 Plenum Publishing Corpora t ion  239 



Fig.  1. Spleen of mouse  rece iv ing  two injections of casein;  palely f luorescent  a m o r -  
phous ma te r i a l  v is ib le  ex t r ace l lu l a r ly  in sect ion t r ea t ed  with pure  antibodies agains t  
AFP by the indi rec t  Coons '  method; 450 • 

Fig. 2. F luo rescence  of blood in lumen of splenic sinus of mouse af ter  three  injec-  
t ions of case in .  Section t r ea t ed  as in Fig.  1; 270 • 

Fig.  3. P a r t i c l e s  of amyloid  deposited in marg ina l  zone of spleen of mouse  a f te r  
four injections of casein. Section treated as in Fig. I; I00 • 

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

By the use of pure  antibodies against  mouse  AFP the t ime  and p lace  of appearance  of the amyloid  p r o -  
tein could be es tabl ished.  Af te r  only one or two injections (the d i f ference  in t ime  was due to the individual 
r eac t ion  of the an imals  and to genetic differences)  weak f luorescence  of amorphous  ex t race l lu la r  ma te r i a l ,  
v i s ib le  only under  high power,  was r eco rded  in the marg ina l  zone of the spleen in the mice of group 1 (Fig. 1). 
No f luorescence  was yet  p r e s e n t  in the other o rgans .  The histological  s ta ins  thioflavin T and Congo red  did 
not r e v e a l  these  s t ruc tu re s .  Subsequent inject ions of case in  (the second or third) caused a sharp inc rease  in 
the m a s s  of  amorphous  ma te r i a l  in the marg ina l  zone and its appearance  between the cel ls  of the red  pulp. 
P ro t e in  reac t ing  with antibodies agains t  mouse AFP also was p r e sen t  in the blood filling the lumen of the 
s inuses  of the spleen and l iver  (Fig. 2). Pa r a l l e l  with the quanti tat ive changes,  qua l i ta t ive  changes also were  
observed:  Against  the pale ly  f luorescen t  m a s s ,  deposi ts  of  ma t e r i a l  with very  br ight  f luorescence  could be 
dist inguished.  T h e s e  f i r s t  br ight  pa r t i c l e s  were  fo rmed  in the space  adjacent  to the s inuses  of the spleen, and 
the walls  of the s inuses  t hemse lves  also gave intense f luorescence .  Bes ides  the pa r t i cu la te  deposi ts ,  amyloid  
s o m e t i m e s  fo rmed  r e t i cu l a r  s t r uc tu r e s  in the per i fo l l i cu la r  zone, r e s e m b l i n g  an argyrophi l ic  c a r c a s s .  At this  
s tage it was stil l  imposs ib le  to detect  the amyloid  his tological ly .  Af ter  th ree  or  four injections the amyloid  
forming  in the spleen and per i s inusoida l  space of the l iver  now stained with Congo red  and thioflavin T.  How- 
ever ,  by t r ea t ing  the sect ions  with antibodies against  AFP  a much m o r e  complete  and detai led p ic tu re  was ob- 
tained of the  dis t r ibut ion of amyloid  in the organs .  By this  t ime  near ly  all the palely f luorescent  amorphous  
"p reamylo id"  ma t e r i a l  had condensed into pa r t i c l e s  (Fig. 3). La te r ,  only an inc rease  in the volume of the a m y -  
loid m a s s  without any fur ther  quali tat ive changes was observed .  By the 7th day of the expe r imen t  br ight  f luo- 
r e s c e n c e  had sp read  to all  the marg ina l  zone of the spleen and into the r ed  pulp; d i s c r e t e  p a r t i c l e s  could be 
seen among the cel ls  of the  white pulp.  The quantity of amyloid  in the l iver  was increased .  Af ter  10 days  
(seven or eight injections) t r e a t m e n t  with antibodies against  A FP r evea l ed  amyloid  in the kidneys between the 
cei ls  of the tubular  epi thel ium and in individual g lomerul i ,  and a lso  in the adrena l s  (mainly in the cortex) and 
in the hear t ,  as  a thin band between the cont rac t i le  f ibers  ( separa te  a r e a s  in the subepicard ia l  layer ) .  Thio-  
f lavin T and Congo red  did not r evea l  this " e a r l y "  amyloid  in the hea r t  and kidneys,  by con t ra s t  with the a m y -  
loid m a s s e s  in the spleen and l iver  of the s a m e  mouse .  
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In the mice of group 2 amyloid production began later, after five injections; apart f rom differences in 
time, no other differences were observed between the two groups. 

The data described above are evidence of the unusually rapid formation of amyloid in mice following 
injection of large doses of protein (about 100 mg casein per injection). This process took place in three stages. 
The f irs t  stage is the formation of "preamyloid" - a protein binding antibodies against mouse AFP but not de- 
tectable by histological stains. Pale luminescence of this protein was found in the intercellular spaces of the 
marginal zone and red pulp and in blood filling the lumen of the sinuses of the spleen and liver (one or two in- 
jections). The second stage is the formation of "immature" amyloid. In sections t reated with antibodies 
against AFP the immature amyloid gives bright fluorescence but still cannot be detected by the specific stains - 
thioflavin T and Congo red (two to four injections). The third stage is the formation of mature amyloid, pos- 
sessing the typical staining propert ies  and binding Congo red and thioflavin T (three to five injections of casein). 

The observations described above show that large quantities of amyloid protein are  present  in the spleen 
of mice soon after one or two injections of casein. This fact is in good agreement with data showing a sharp 
r i se  in the blood level of this protein in mice [10] and mink [9] 24-48 h after a single injection of E. coli endo- 
toxin. However, the authors cited above observed amyloid formation in these experiments only on the 28th day. 
The appearance both of the soluble amyloid protein of the blood and of the fibril lary amyloid protein in the 
tissues thus anticipates active immunogenesis which begins 3-4 days after immunization [5]. The increase in 
the level of amyloid protein coincides in time with phagocytosis of a large volume of foreign protein. At the 
same time, the resul ts  of electron microscopy [13] and, in particular,  of splenic t issue culture experiments 
[1] have demonstrated the role  of macrophages in the formation of amyloid fibrils.  Finally, Benson and co- 
workers [7] showed that the amyloid protein in the blood of mice with experimental amyloidosis has the property 
of depressing antibody formation in t issue culture. A comparison of all these facts suggests that specific amy- 
loid protein is formed during phagocytosis in order  to prevent overproduction of antibodies and overloading of 
the immune system. 

Despite the high sensitivity of Coons' method, whereby protein can be detected in one synthesizing cell 
in a section, it was impossible to observe AFP in the cells even though very small quantities of it could be r e -  
vealed extracellularly.  Probably A FP acquires its antigenic propert ies  only after leaving the cell. 

The conversion of preamyloid into immature amyloid corresponds to the formation of finely granular amy- 
loid discovered in the heart of mice with casein amyloidosis [4], which does not possess the typical staining 
propert ies .  Finally, staining amyloid with thioflavin T and, in part icular,  with Congo red demonstrates the 
formation of typical amyloid fibrils, for it is the fibrfllary structure of the amyloid protein which determines 
the binding of Congo red  [8]. 

In sections of different organs of normal mice, incidentally, antibodies against AFP did not reveal any 
s t ruc~res ;  this contradicts the observations of Linder et al. [12], who reported the discovery of synthesis of 
amyloid fibrils in a culture of fibroblasts f rom human embryonic t issues.  
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