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The mechanism of potentiation of the immune response to sheep 's  red  cells in rabbits  pro-  
duced by homologous serum from part ial ly hepatectomized donors was studied. The active 
factor  does not possess  antibody specifici ty and its action can be completely suppressed by 
the polyvalent proteinase inhibitor Trasylol .  The potentiating action of the proteinase is un- 
connected with the l iberation of highly immunogenic complexes from the surface of the sheep 's  
red cel ls ,and it can accordingly be postulated that the enzyme direct ly  act ivates cells par t ic i -  
pating in the immune response.  

An important  aspect  of r e s e a r c h  into the mechanisms of immunogenesis  is the study of the nature of 
intercel lular  cooperat ion essent ial  to the production of the various fo rms  of immune response  [10, 11]. In 
this connection it is an interest ing fact  that 2-4 h after  partial  hepatectomy a factor  capable of potentiating 
the immune response to sheep 's  red  cells in intact recipients  of the same species can be found in the blood 
serum [1-3]. This phenomenon cannot be regarded  as the resu l t  of hormonal  changes ar is ing in s t ress ,  for 
the serum of animals undergoing a mock operation did not contain fac tors  st imulating antibody production 
[1, 3]. 

An attempt to a s se s s  the nature of the humoral  factor  responsible for the immunostimulat ing proper -  
ties of the serum of hepatectomized animals is descr ibed below. 

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

Rabbits weighing 2.3-2.5 kg were used. Par t ia l  hepatectomy was per formed on the donor rabbits,  
when the left lobe of the l iver (35-40% of the total mass  of the organ) was removed,  and the animals were 
exsanguinated 4 h after  the operation. A mixture of se ra  from 6-10 donors was used for intravenous injec- 
tion into normal  rabbits  simultaneously with the antigen. Rabbits of the experimental  groups each rece ived  
5 ml of serum of hepatectomized donors and 5 • 108 sheep 's  red cells. The animals of the control  groups 
received the antigen and either physiological saline or  normal  rabbit  serum. The t i ters  of antibodies 
against sheep ' s  red cells in the rec ip ients '  se rum were determined by the direct  hemagglutination and im- 
mune hemolys is  tests.  The t i ters  of 7S-antibodies were est imated after  inactivation of the 19S (IgM)-hem- 
agglutinins with 0.2 M solution of 2-mercaptoethanol  at pH 7.3 [5]. Some animals  were killed on the 7th day 
after  immunization in order  to determine the number of antibody-forming cells (AFCs) in the spleen by the 
local hemolysis  in agar gel method [7]. 

The s t roma was obtained from the sheep 's  red  cells by the method of Kabat and Mayer [8]. The prep-  
arat ions of s t romm used were completely f reed from soluble products by repeated washing with cold 
isotonic NaC1 solution. The "normal"  antibodies were adsorbed on the s t roma of the sheep 's  red  cells by 
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T A B L E  1. 
R a b b i t s  P r o d u c e d  by  T r a s y l o l  

Group of 
animals 

Changes  in I m m u n e  R e s p o n s e  to S h e e p ' s  R e d  C e l l s  in  

No. of Titer of 
hemagglu- 

animals tinins (lo~) 

6 9,8--+0,3 
11 5,2-----0,4 
6 4,0• 

11 5,1-----0,3 
6 5,8m0,3 

Titer of 7S- 
antibodies, 
(logz) 

4,8• 
3,0 
3,0 
3,0 
3,0 

Titer of hemo- 
lyzins (log2) 

13,3~0,2 
9,8+---0,2 
9,2-----0,3 

9,8~0,3 
t0,3~0,2 

No. of A FCs 
per 10 r spleen 
cells 

1379+--- 15 
303+4,9 
286-----4,8 
302-----7,2 

Note .  G r o u p  1) I n j e c t i o n  of 5 mI  s e r u m  o b t a i n e d  4 h a f t e r  h e p a t e c -  
t omy;  2) i n j ec t i on  of 5 m l  s e r u m  o b t a i n e d  4 h a f t e r  h e p a t e c t o m y  
and i n c u b a t e d  b e f o r e  i n j e c t i o n  wi th  500 K.I .U.  T r a s y l o l  for  1 h a t  
20~ 3) i n j e c t i o n  of 5 m l  s e r u m  o b t a i n e d  4 h a f t e r  h e p a t e c t o m y ,  
s i m u l t a n e o u s l y  wi th  i n j e c t i o n  of  500 K.I .U.  T r a s y l o l ;  4) i n j e c t i o n  
o f  5 m l  n o r m a l  r a b b i t  s e r u m ;  5) i n j e c t i o n  of  5 m l  n o r m a l  r a b b i t  
s e r u m  incuba t ed  b e f o r e  i n j e c t i o n  with  500 K.I .U.  T r a s y l o l  for  l h  
a t  20~ 

T A B L E  2. Conten t  of H e m a g g l u t i n i n s  (HA) in R e c i p i e n t s '  B lood  
a f t e r  I n j e c t i o n  of  S e r u m  of  H e p a t e c t o m i z e d  D o n o r s  I n c u b a t e d  with  
S h e e p ' s  R e d  C e l l s  

Group of 
animals 

1 
2 

No. of 
animals 

Before immunization 

Titer of Titer of 7S- 
HA (log2) HA Clog2) 

2,6-----0,2 0 
2,8~0,2 0 

On 7th day after immuniza- 
tion 

Titer of ] Titer of 7S- 
HA (log2) ] HA (log~) 

2,7+0,2 ] 0 
3,0+---0,3 0 

Note.  G r o u p  1) I n j e c t i o n  of  5 m l  n o r m a l  r a b b i t  s e r u m  a d s o r b e d  
twice  on s t r o m a  of  s h e e p ' s  r e d  c e l l s  a t  0~ and  then  i n c u b a t e d  
with  s h e e p ' s  r e d  c e l l s  fo r  8 h a t  37~ 2) i n j e c t i o n  of  5 m l  s e r u m  
o b t a i n e d  4 h a f t e r  h e p a t e c t o m y  and  t r e a t e d  b e f o r e  i n j e c t i o n  a s  in 
g roup  1. 

i ncuba t ing  the s e r u m  twice  wi th  the s t r o m a  a t  0~ fo r  20 m i n  [8], fo l lowed  by  c e n t r i f u g i n g  twice  in the  co ld  
a t  6000 and 12,000 g fo r  40 min .  

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

TWO b a s i c  a s s u m p t i o n s  gu ided  the cho ice  of a p p r o a c h  to the  s tudy  of  the na tu r e  of the f a c t o r  a p p e a r -  
ing in the b lood  i m m e d i a t e l y  a f t e r  p a r t i a l  h e p a t e c t o m y  and c a p a b l e  of s t i m u l a t i n g  the i m m u n e  r e s p o n s e  in 
i n t a c t  r e c i p i e n t s  of  the s a m e  s p e c i e s .  F i r s t ,  t r a n s f o r m e d  " n o r m a l "  1 9 S - h e m o l y z i n s ,  whose  m i g r a t i o n  f r o m  
the depo t s  into the b lood  s t r e a m  cou ld  be i nd uc e d  by  a n o n s p e c i f i c  s t i m u l u s  ( p a r t i a l  h e p a t e c t o m y ) ,  cou ld  a c t  
a s  the  s t i m u l a t i n g  f a c t o r .  The  a b i l i t y  of 1 9 S - h e m o l y z i n s  to po t e n t i a t e  the  i m m u n e  r e s p o n s e  to s h e e p ' s  r e d  
c e l l s  has  b e e n  p r o v e d  e x p e r i m e n t a l l y  [6]. Second ,  the f a c t o r  p o t e n t i a t i n g  the  i m m u n e  r e s p o n s e  cou ld  be a 
n o n s p e c i f i c  b i o s t i m u l a t o r  l i b e r a t e d  f r o m  d e s t r o y e d  o r  d a m a g e d  l i v e r  c e l l s .  

T e s t s  of  the f i r s t  h y p o t h e s i s  showed tha t  the  t i t e r  of " n o r m a l "  h e m a g g l u t i n i n s  in the m i x t u r e  of s e r a  
of the p a r t i a l l y  h e p a t e c t o m i z e d  d o n o r s  was  i d e n t i c a l  to the  t i t e r  of t h o s e  a n t i b o d i e s  in a m i x t u r e  of n o r m a l  
r a b b i t  s e r a ,  n a m e l y  1 : 4 g (log2); the t i t e r  of n o r m a l  h e m o l y z i n s  in both s e r a  was  1 : 64 ( log 2 = 6). R e m o v a l  
of a l l  " n o r m a l "  a n t i b o d i e s  by  a d s o r p t i o n  on the s t r o m a  of the s h e e p ' s  r e d  c e l l s  d id  not  a b o l i s h  the s t i m u l a n t  
e f f ec t  of the  s e r u m  of  the h e p a t e c t o m i z e d  d o n o r s .  Conse que n t l y ,  the i n d u c e r  of  i m m u n o g e n e s i s  a r i s i n g  a f -  
t e r  h e p a t e c t o m y  does  not  p o s s e s s  an t ibody  s p e c i f i c i t y .  

If  the n o n s p e c i f i c  s t i m u l a t o r  a p p e a r i n g  in the  b l o o d  i m m e d i a t e l y  a f t e r  h e p a t e c t o m y  is  a p r o d u c t  l i b -  
e r a t e d  f r o m  l i v e r  c e l l s  d e s t r o y e d  o r  d a m a g e d  d u r i n g  the o p e r a t i o n ,  i t  cou ld  be the p r o t e o l y t i c  e n z y m e s  of  
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the l y s o s o m e s  of the hepatocytes  t hemse lves  or of the Kupffer cel ls .  This  hypothesis  was conf i rmed  by ex-  
pe r imen t s  in which s e rum f rom the hepa tec tomized  an imals  was injected into rec ip ien t s  s imul taneous ly  with 
the polyvalent  pro te inase  inhibitor T ra s y l o l  [4, 13], given in a dose of 500 K.LU. (kal l ikrein inhibitor units). 
As Table 1 shows, in the dose used T ra s y l o l  did not affect  the immune r e sponse  to sheep ' s  r ed  ce l l s  but it  
comple te ly  abol ished the s t imulant  effect  of the s e r u m  of the hepa tec tomized  an imals .  

One possible  mechan i sm by which the pro te inase  could affect  the immune r e sponse  could be by l ib- 
e ra t ing  highly immunogenic  complexes  f rom the sur face  of the red  cel ls .  To tes t  this hypothesis  the s e r a  
of hepa tec tomized  and intact  rabbi t s ,  f i r s t  comple te ly  f reed  f rom "normal  ~ ant ibodies,  were  incubated with 
sheep ' s  red  cel ls  for  8 h at 37~ and, a f te r  s e p a r a t i o n  of the ce l l s  by centr i fuging twice in the cold a t  6000 g, 
they were  injected into intact  rabbi ts .  According to the r e su l t s  given in Table 2, incubation of the s e r u m  of 
the pa r t i a l l yhepa t ec tomized  rabbi t s  with sheep ' s  r ed  cel ls  did not lead to the l ibera t ion  of antigenic com-  
plexes f rom the surface  of the e ry th rocy te s ,  for the content of antibodies in the an imals  of the control  and 
the expe r imen ta l  groups did not inc rease  but r ema ined  a t  the same  level  as the t i te r  of "normal  ~ hemag-  
glutinins. 

In the light of these observa t ions  it  can be a s s u m e d  that  the pro te inase  p r e s e n t  in the se rum of p a r -  
t ia l ly  hepa tec tomized  an imals  can s t imulate  cel ls  par t ic ipa t ing  in the immune r e sponse  direct ly .  This  
hypothesis  is conf i rmed  also by the r e s u l t s  of recen t ly  published work showing that inhibi tors  of proteolyt ic  
enzymes  inhibit the t r an s fo rm a t i on  of lymphocytes  in v i t ro  induced by antigen or  phytohemagglutinin [12] 
and that proteolyt ic  enzymes  themse lves  {trypsin) s t imulate  DNA synthes is  in cel l  cu l tures  in v i t ro  [9]. 

The wr i t e r s  showed e a r l i e r  that the fac tor  s t imula t ing  immunogenes i s  and p r e s e n t  in the s e rum of 
hepa tec temized  an imals  pos s e s s e  s marked  spec i e s - spec i f i c i t y  of its act ion [3]. This  observa t ion  does not 
conflict  with the conclusion that the s t imula tor  is enzymic  in nature ,  and it can be explained on the bas i s  of 
the pa t t e rn  of dis t r ibut ion of heterologous enzymes  in the body. If foreign enzymes ,  bound with m a c r o -  
phages as an antigen, can be inact ivated by this p roces s , t he  homologous enzyme will evidently be able to 
pene t ra te  unhindered into the ge rmina l  cen te r s  of the pe r iphe ra l  lymphoid organs  and to exe r t  a d i rec t  in- 
fluence on the immunocompeten t  cel ls .  

L I T E R A T U R E  C I T E D  

1. D . N .  Evnin and A. Ya. Kul 'berg,  Dokl. Akad. Nauk SSSR, 19_~7, No. 3, 711 (1971). 
2. D . N .  Evnin, L. G. Prokopenko,  and A. Ya. Kul 'berg ,  Byull. E k s p e r i m .  Biol. i Med., No. 10, 65 (1972). 
3. A. Ya. Kul 'be rg  a n d D .  N. Evnin, Zh. Obshch. Biol. ,  No. 5, 626 (1972). 
4. F . A .  Ande re r  and S. H~rnle,  Z. Natur forsch . ,  20___6_6 , 457 (1965). 
5. N. Costea,  V. Yarul is ,  and P. Hel le r ,  Blood, 26, 323 (1965). 
6. C. Henry  and N. 'K. Je rne ,  J. Exp. Med., 128, 133 (1968). 
7. N . K .  Je rne ,  A. A. Nordin,  and C. Henry,  in: B. Amos  and H. Koprowski  {Editors). Cel l-Bound Anti- 

bodies,  Philadelphia (1963), p. 109. 
8. E. Kabat  and M. Mayer ,  Exper imen ta l  I m m u n o c h e m i s t r y  [Russian t rans la t ion] ,  Moscow {1968), p. 140. 
9. L. Mallucei ,  V. Wells,  and M. R. Young, Nature,  239, 53 (1972). 

10. J . F .  Mil ler ,  A. Basten,  e t  al . ,  Cell  Immunol . ,  2, 469 {1971). 
11. G . F .  Mitchell  and J. F. Mil ler ,  J.  Exp. Med., 128, 821 (1968). 
12. H. Tchorzewski  and A. Denys,  Exper ien t ia ,  28, 462 (1972). 
13. J.  Trautschold ,  E. Werle ,  and G. Riidel, A r z n e i m i t t e l - F o r s c h . ,  11, 1507 (1966). 

304 


