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Changes in amyloid  sp leens  f r o m  CBA mice  were  studied when graf ted  into r ec ip ien t s  of the 
following four groups:  intact  CBA mice ,  CBA mice  with case in- induced  amylo idos i s ,  intact  
C57BL mice ,  and noninbred ra t s .  Amyloid r e s o r p t i o n  in a syngeneic  graf t  in r ec ip ien t s  with 
amylo idos i s  was much less  intensive than in intact animals .  The intensi ty of amyloid  r e s o r p -  
tion in intact  r ec ip ien t s  with syngeneic,  a l logeneic,  and xenogeneic g ra f t s  inc reased  with in-  
c r e a s i n g  he te rogene i ty  of the t ransplan ted  ma te r i a l .  The development  of sys t emic  amylo ido-  
s is  (the so -ca l l ed  " t r a n s f e r "  of amyloidos is )  was  obse rved  in some intact  r ec ip ien t s  a f te r  
syngeneic t ransplan ta t ion  of an amyloid  spleen; the r e so rp t i on  of amyloid  in the graf t  in these 
an imals  was l ess  marked  than in mice  without " t r a n s f e r . "  Admin is t ra t ion  of hydrocor t i sone  
into an imals  with a syngeneic graf t  of an amyloid  spleen comple te ly  inhibited amyloid r e s o r p -  
tion in the graft .  

KEY WORDS: t ransplanta t ion  of the spleen; amyloidos is ;  r e so rp t i on  of amyloid; h y d r o c o r t i -  
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The study of amyloid  r e so rp t ion  is in te res t ing  not only theore t ica l ly  but a lso  f rom the p rac t i ca l  point 
of view in the sea rch  for ways of t r e a t m e n t  o f  amyloidos is .  The poss ib i l i ty  of amyloid  r e s o r p t i o n  has  now 
been accepted,  in pr inc ip le ,  on the bas i s  of cl inical  and morphologica l  obse rva t ions  and expe r imen ta l  in-  
ves t igat ions  [1, 3, 5, 13, 14, 16, 19]. Meanwhile,  the r e so rp t ion  of amyloid in pat ients  a f te r  t r ea tmen t  of the 
p r i m a r y  d i sease  and in an imals  af ter  discontinuation of the amyloidogenic t r ea tmen t  has been very  r a r e l y  
observed ,  it p r e s u m a b l y  takes  place as a r e s u l t  of the spontaneous r e s to ra t i on  of the m e c h a n i s m  for a m y -  
loid r e s o r p t i o n  which, in m o s t  c a s e s ,  is in a profoundly d e p r e s s e d  state.  

The p r e sen t  invest igat ion was c a r r i e d  out to study the conditions for amyloid r e so rp t ion  and to ex -  
amine their  poss ible  role  in the pathogenesis  of amyloidos is .  The s tate  of a syngeneic graf t  of an amyloid 
mouse spleen was accordingly  invest igated in intact  r ec ip ien t s  and r ec ip ien t s  with induced amyloidos is ,  as  
well  as a f ter  al logeneic and xenogeneic t ransplan ta t ion  into intact animals .  The s tate  of the spleen and 
kidneys of both donors  and rec ip ien t s  also was studied. 

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

Adult male CBA and C57BL mice and noninbred r a t s  were  used. Amyloidosis  was induced in the CBA 
mice  (donors and rec ip ients )  by subcutaneous injection of 1 ml of 5 % case in  solution in 0.25 % NaOH solu~ 
tion six t imes  a week for 7 weeks.  P ieces  of amyloid spleen f rom CBA mice measu r ing  about 2-3 m m  3 
were  graf ted  under the rena l  capsule  of syngeneic intact rec ip ien ts  and cecipients  with amylo idos is  2-3 
days  a f t e r  the l as t  injection of case in ,  and s i m i l a r  p ieces  were  graf ted into C57BL mice and into ra t s .  The 
state of the donors '  spleen at the t ime of graft ing,  and the s tate  of the graft ,  the kidney with the graft ,  and 
the spleen of the rec ip ien ts  10, 30, 60, and 90 days  af ter  the opera t ion were  studied morphological ly .  The 
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Fig. 1. Amyloid resorption in syngeneic amyloid spleen grafted 
under the renal capsule of an intact CBA mouse 30 days after 
transplantation: A) marked infiltration with macrophages, adsorb- 
ing masses of amyloid (hematoxylin-eosin, 180 • B) high acid 
phosphatase activity in cells adsorbing mass of amyloid in spleen 
grafted into intact mouse (azo-coupling test for acid phosphatase, 
180 • 

following methods were used: staining with hematoxylin-eosin, with Congo red, toluidine blue, and thio- 
flavin T, the PAS reaction, and Brachet's reaction. The following enzymes also were studied histochemi- 
cally: acid and alkaline phosphatase, o~-glycerophosphate dehydrogenase, and succinate dehydrogenase. 

R E S U L T S  

Invest igat ion of the s ta te  of the donors '  spleen at the momen t  of t ransp lan ta t ion  r evea l ed  m a s s i v e  
depos i t s  of amyloid  in the fol l ic les  and red  pulp with a t rophy of the ce l l s  ( la rdaceous  spleen).  In the syn-  
geneic graf t  in the intact  r ec ip ien t s ,  with no morphologica l  mani fes ta t ion  of t i ssue  incompat ibi l i ty ,  f r a g -  
menta t ion of the amyloid  m a s s e s  into s epa ra t e  lumps and changes  in the s ta ining p r o p e r t i e s  of the amyloid  
were  observed:  diminished abil i ty to s ta in  with Congo red ,  d e c r e a s e d  d i c h r o i s m  in po la r i zed  light, weak-  
ening of the PAS reac t ion ,  and weakening of m e t a c h r o m a s i a  on staining with toluidine blue. Marked  in f i l t r a -  
tion of the amyloid  with m a c r o p h a g e s ,  neutrophi ls ,  and giant ce l l s ,  fo rming  lacunae in the amyloid  m a s s e s ,  
was  obse rved  (Fig. 1A). 

The e n z y m e - h i s t o c h e m i c a l  invest igat ion showed that amyloid  r e s o r p t i o n  was accompan ied  by in- 
c r e a s e d  act ivi ty  of glycolytic  (~-g lycerophosphate  dehydrogenase)  and hydrolyt ic  (ac'id phosphatase)  en-  
z y m e s  in the mac rophages .  High acid phosphatase  act ivi ty  was obse rved  in the m a s s e s  of amyloid  and the 
ce l l s  adsorb ing  it (Fig. 1B). With a d e c r e a s e  in the quantity of amyloid  in the graf ted  spleen,  h y p e r p l a s i a  
of the lymphoid t i s sue  took place ,  the number  of f ib rob las t s  inc reased ,  and eventual ly  marked  s c l e r o s i s  of 
the capsule  and t i s sues  of the graf t  took place.  

Only a ve ry  smal l  d e c r e a s e  in the quantity of amyloid  was obse rved  in the syngeneic  g ra f t  in the r e -  
c ipients  with amylo idos i s ,  by con t r a s t  with the intact  r ec ip ien t s ,  within the per iod  of observa t ion ;  the a m y -  
loid was only mode ra t e ly  inf i l t ra ted with neutrophi ls  and lymphocytes  and there  was some  degree  of h y p e r -  
p la s i a  of the lymphoid t issue of the graf t  (Fig. 2). 

In al logeneic and xenogeneic t ransp lan ta t ion  the amyloid  r e s o r p t i o n  had the c h a r a c t e r  of a foreign 
body reac t ion ,  with the fo rma t ion  of numerous  giant ce l l s  with congophilic g ranu les  in the i r  cy top lasm.  
Amyloid r e so rp t ion ,  amounting s o m e t i m e s  to its total  d i s appea rance ,  and the fo rmat ion  of f ibrous  t i s sue  
took place under these  c i r c u m s t a n c e s  much m o r e  in tens ively  and e a r l i e r  (by the 30th-60th day a f te r  t r a n s -  
plantation) than in syngeneic t ransp lan ta t ion  (by the 90th day). 

Di f fe rences  in the intensi ty of amyloid  r e s o r p t i o n  also were  found in a homogeneous  group of an imals ,  
notably in the intact  mice  with a syngeneic graft .  The intensi ty  of amytoid  r e s o r p t i o n  in the g ra f t  in the 
mice of this group depended on the deve lopment  of sy s t emic  amylo idos i s  in the an ima l s  af ter  t r a n s p l a n t a -  
tion. 
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Fig. 2 Fig. 3 

Fig. 2. Mass ive  depos i t s  of amyloid  without evidence of r e s o r p -  
tion in syngeneic amyloid  spleen graf ted beneath the r ena l  capsule  
of a mouse with amylo idos i s ,  30 days  a f te r  t ransplanta t ion  (hema-  
t o x y l i n - e o s i n ,  180 x). 

Fig. 3. Syngeneic amyloid  spleen graf ted  beneath the rena l  capsu le  
of an intact  C57BL mouse,  40 days  a f te r  t ransplanta t ion  (hematoxy-  
l i n - e o s i n ,  80 • Above: ma rked  r e so rp t i on  of amyloid  (only sepa -  
r a t e  granules  remain) ;  below: absence  of r e so rp t ion  ( lardaceous 
spleen) following admin is t ra t ion  of hydrocor t i sone .  

In half of these  rec ip ien t s ,  for ins tance,  a f te r  syngeneic t ransplanta t ion  of the amyloid spleen deposi ts  
of amyloid  were  found in the r e e i p i e n t ' s  own spleen and kidneys,  i .e. ,  a " t r a n s f e r "  of amylo idos i s  as de -  
sc r ibed  by o ther  w o r k e r s  [6, 10-12,  17, 18] had taken place.  Amyloid r e so rp t i on  in the graf t  taken f rom 
such mice  was less  m a r k e d  than in r ec ip ien t s  in which no " t r a n s f e r "  phenomenon was found. 

The r e s u l t s  of this invest igat ion thus conf i rm data in the l i t e ra tu re  to show the possibi l i ty ,  in p r inc i -  
ple, of amyloid  r e s o r p t i o n  and they are  evidence of the depress ion  of this p r o c e s s  in amyloidosis .  The r e -  
sults also suggest  that the i r r e v e r s i b i l i t y  of the course  of amylo idos is  is to some extent due not only to the 
e x t r e m e  ine r tness  of the amyloid prote in  [4, 9, 20] but also to the genera l  conditions c r ea t ed  in the affected 
o r g a n i s m ,  which ul t imate ly  de t e rmine  the absence  of ce l lu la r  r eac t ions  to the amyloid and the inactivity of 
the enzyme s y s t e m s  r equ i red  for its r e so rp t ion .  To le rance  to amyloid in the affected o r g a n i s m  of this 
nature is probably  one of the causes  of its accumulat ion.  

A poss ib le  method of tes t ing this hypothesis  would be to study the effect  of f ac to r s  s t imulat ing the 
development  of amylo idos i s  on the p r o c e s s  of amyloid resorp t ion ;  g lucocor t icoids ,  injection of which, like 
that of o ther  immunodep re s san t s ,  s t imula te s  amylo idogenes i s  [2, 7, 8, 12], a re  among this ca tegory  of fac -  
tors .  Inhibition of amyloid  r e so rp t ion  by t r ea tmen t  of this type could be in te rp re ted  as proof  of the patho-  
genetic role  of the inhibition of amyloid  r e s o r p t i o n  in the development  of amyloidos is .  An expe r imen t  was 
accordingly  c a r r i e d  out to study the effect  of hydrocor t i sone  on amyloid r e s o r p t i o n  in a syngeneic graf t  in 
intact  rec ip ients .  The invest igat ion was c a r r i e d  out on intact  male  C57BL mice  with a syngeneic graf t  of 
an amyloid  spleen. Subcutaneous injections of 100#g hydrocor t i sone  were  given six t imes  a week s ta r t ing  
24 h af ter  the opera t ion  to half  of these an imals ,  while the r e m a i n d e r  acted as the control .  The s tate  of the 
graf t  was studied 10 and 40 days  a f t e r  the operat ion.  A w e l l - m a r k e d  pic ture  of amyloid  r e so rp t i on  was 
found on the 40th day in the control  mice not r ece iv ing  hydrocor t i sone  (Fig. 3, above). By this t ime the 
ce l lu la r  r e sponse  cha rac t e r i s t i c  of amyloid r e s o r p t i o n  could not be obse rved  in the mice  rece iv ing  hydro-  
co r t i sone ,  in which the morphologica l  p ic ture  co r responded  to the l a rdaceous  spleen (Fig. 3, below). 

The expe r imen ta l  r e su l t s  show that one probable  mechan i sm of the s t imulat ion of amyloidogenes is  
dur ing the admin is t ra t ion  of immunodepre s san t s  is inhibition of amyloid r e s o r p t i o n  by these drugs ,  although 
spec ia l  invest igat ions a re  requi red  in o r d e r  to conf i rm this hypothesis .  

The r e su l t s  indicate that one cause  of the accumula t ion  of amyloid in amylo idos is  Could be a d i s t u rb -  
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ance of its r e so rp t ion  resul t ing  not only f rom the high chemica l  stabil i ty of the amyloid prote in  but also 
f rom some of the fea tures  dist inguishing the re t iculoendothel ia l  sys tem in the affected organism.  
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