
DYNAMICS OF FORMATION OF THE IMMUNOLOGICAL 

MEMORY TO TRANSPLANTATION ANTIGENS 

A. P .  B o g d a n o v  UDC 612.6.02.017.1 

Second and subsequent skin graf t s  in mice undergo "second set" re jec t ion  r e g a r d l e s s  of the 
t ime  of the second graft ing operat ion (maximal  in te rva l  between gra f t s  1 year) .  The ra te  of 
re jec t ion of the th i rd  and subsequent graf t s  is the same as the ra te  of re jec t ion  of the second 
graf t  (P > 0.05), r e g a r d l e s s  of the length of the in terva l  between graft ing operat ions.  During 
the adaptive t r a n s f e r  of viable cel ls  of immune lymph glands (50 mill ion cells) to a syngeneic 
i r r ad ia ted  (1000 R) recipient ,  p ro tec ted  with syngeneic bone m a r r o w  (10 mil l ion cells),  
a cce l e r a t ed  re jec t ion  of both the p r i m a r y  and secondary  (relat ive to the p r imary )  g ra f t s  was  
obse rved  if the in te rva l  between graf t ing opera t ions  or  t r a n s f e r  of cel ls  was  2 o r  3 weeks  or  
1, 2, and 3 months.  

A second graf t  in the s a m e  donor has been shown to be re jec ted  much f a s t e r  than the f i rs t .  This  rule 
has  been conf i rmed in expe r imen t s  on var ious  an imals  at different levels  of evolut ionary development ,  
ranging f rom cold-blooded an imals  to man [7, 9, 13, 14, 17]. The more  rapid  re jec t ion  of the second graf t  
has been cal led the "second  set" phenomenon. Reject ion of second set  type is  also obse rved  if another  
t i s sue  f rom the same  donor is used as the f i r s t  graf t  [8, 10]. 

Immuni ty  to a l lograf ts  can be t r a n s f e r r e d  to syngeneic  rec ip ien t s  in most  cases  only through immune 
lymphoid cel ls  ("adaptive immunity")  [11-13, 15, 16, 18]. The s ta te  of immuni ty  t r ansmi t t ed  with the cel ls  
develops immedia t e ly  a f te r  the i r  t r a n s f e r  [5]. The s ta te  of sensi t izat ion of the lymph gland ce l l s  p e r s i s t s  
for  a long t ime  and can be t r a n s f e r r e d  by them to a recipient  as long as 1 y e a r  af ter  immuniza t ion  [5]. 

The object  of the p re sen t  invest igat ion was to study the dynamics  of fo rmat ion  of the immunological  
m e m o r y  to s t rong (H-2) t ransplanta t ion  antigens at va r ious  t imes  a f t e r  t ransplanta t ion  of a p r i m a r y  skin 
graft ,  the effect of the number  of skin graf t s  on the immunological  m e m o r y ,  and the ability of lymph gland 
cel ls  to produce adaptive t r a n s f e r  of immunologica l  m e m o r y  at different  t imes  af ter  immunizat ion.  

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on male  CBA and C57BL/6 mice  weighing 19-21 g. The CBA mice  
rece ived  skin g ra f t s  f rom C57BL/6  donors  by the method of Bil l ingham and Medawar  [6]. The p o s t o p e r a -  
t ive wound was  covered  with a d ress ing  [2]. Signs of re jec t ion  of the graf t  were  taken to be edema,  indura-  
tion, loss  of hair ,  and drying of the edges of the graft .  The adaptive t r a n s f e r  of immunological  m e m o r y  
was  c a r r i e d  out by means  of lymph gland cel ls  f rom immune CBA mice (a single immunizat ion  by a skin 
graf t  f rom C57BL/6 donors).  Lethal ly i r r ad ia t ed  (1000 R) CBA mice  were  given an int ravenous injection 
of 50 mill ion lymph gland cel ls  f rom immune  donors  1-2 h a f t e r  i r radia t ion.  All the i r rad ia ted  mice  r e -  
ceived an in t ravenous  injection of 10 mill ion syngeneic bone m a r r o w  cel ls  at the s ame  t ime f r o m  intact 
CBA mice.  In the control  groups,  in one case  i r r ad ia t ed  mice  w e r e  injected only with syngeneic bone 
mar row,  and in the other  case  with bone m a r r o w  mixed with intact  syngeneic lymph gland cel ls  (in the 
s ame  doses).  The conditions of i r rad ia t ion  and the technique of p repa r ing  the cell  suspens ions  were  de-  
sc r ibed  p rev ious ly  [1]. 
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T A B L E  1. E f fec t  of N u m b e r  o f  T r a n s p l a n t a t i o n s  of  Skin of 
C57BL/6  M i c e  on In t ens i ty  of I m m u n o l o g i c a l  M e m o r y  to T r a n s -  

p l a n t a t i o n  A n t i g e n s  in  CBA Mice .  

Number 
of mice 

70 

l0 

l0 

10 

Interval between 
grafts 

2 Weeks 

Order ofg~afts 

First 

Second 
Third 
Fourth 
Fifth 
Sixth 

Time of rejection of graft (in days) 

M+.m P, 

12,3+0,54 

7,1~0,43 <0,01 
7,0-----0,43 <O,O1 
6,9~0,22 <O,O1 
6,8~0,43 <O,O1 
5,9+0,65 <0,01 

P~ 

>0,05 
> 0,05 
> 0,05 
> 0,05 

3 

Second 
Third 
Fourth 
Fifth 
Sixth 

7,2+---0,22 
6,1~0,33 
6,8~0,22 
6,0-----0,43 
5,9• 

<0,01 
<0,01 
<0,01 
<0,01 
<0,01 

>0,05 
> 0,05 
>0,05 
>0,05 

1 Month 

Second 
Third 
Fourth 
Fifth 
Sixth 

6,0-----0,22 
6,1-----0,32 
fi,0~0,43 
6,1+0,32 
5,9-----0,22 

<0,01 
<0,01 
<0,01 
<0,01 
<0,01 

>0,05 
> 0,05 
> 0,05 
> 0,05 

Second 7,0• <0,01 
Third 6,8-----0,22 <0,01 >O,05 

10 2 Months Fourth 6,9~0,22 <0,01 >0,05 
Fifth 5,9+0,65 <0,01 >0,05 
Sixth 6,7-----0,57 <0,01 >0,05 

Secoad 6,8-----0,43 <0,01 - -  
10 3 �9 Third 7,0+0,32 <0,01 >0,05 

Fourth 6,3• <0,01 >0,05 

Second 8,3~0,32 <0,01 --  
10 6 Months Third 7,1--0,52 <0,01 >0,05 

10 12 ~> Second 8,0• <0,01 --  

Note :  P1 r e p r e s e n t s  d e g r e e  of s i g n i f i c a n c e  r e l a t i v e  to t i m e  of  r e -  
j e c t i o n  of  f i r s t  g ra f t ;  P2, d e g r e e  of s i g n i f i c a n c e  r e l a t i v e  to t i m e  of  
r e j e c t i o n  of s e c o n d  g ra f t .  

In the  d i f f e r e n t  g r o u p s  of  a n i m a l s  the  sk in  g r a f t i n g  and adap t ive  t r a n s f e r  wi th  subsequen t  sk in  g r a f t s  
w e r e  c a r r i e d  out at d i f f e r e n t  t i m e  i n t e r v a l s :  2 and  3 w e e k s ,  1, 2, 3, 6, and 12 mon ths .  

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

In the e x p e r i m e n t s  of s e r i e s  I the  e f fec t  of the n u m b e r  of g r a f t s  on the e x p r e s s i o n  of  the  i m m u n o l o g i -  
ca l  m e m o r y  to t r a n s p l a n t a t i o n  a n t i g e n s  d i f f e r i n g  in  t h e i r  H-2 locus ,  and the d u r a t i o n  of t h i s  e f fec t  w e r e  
s tud ied .  The  r e s u l t s  a r e  g iven  in  T a b l e  1. They  show that  the  s e c o n d  and subsequen t  g r a f t s  w e r e  r e j e c t e d  
much  m o r e  r a p i d l y  than  the  f i r s t  (P < 0.01) r e g a r d l e s s  of  the  t i m e  of the  s e c o n d  g r a f t i n g  o p e r a t i o n .  The  
i m m u n o l o g i c a l  m e m o r y  p e r s i s t e d  fo r  m o r e  than  1 y e a r .  The  r a t e  of r e j e c t i o n  of the  t h i r d  and subse q uen t  
g r a f t s  was  the  s a m e  a s  tha t  of  the  s e c o n d  g r a f t  (P > 0.05) r e g a r d l e s s  of  the  i n t e r v a l  b e t w e e n  g r a f t i n g  

o p e r a t i o n s .  

S i m u l t a n e o u s l y  wi th  t h i s  s e r i e s  of  e x p e r i m e n t s  the  e f fec t  of the  n u m b e r  of  sk in  g r a f t s  t r a n s p l a n t e d  
on C 5 7 B L / 6  m i c e  on the  i n t e n s i t y  of t h e i r  i m m u n o l o g i c a l  m e m o r y  o f  CBA m i c e  w a s  s t u d i e d  d u r i n g  the 
a d a p t i v e  t r a n s f e r  of i m m u n e  l y m p h  g land  c e l l s  f r o m  CBA m i c e  to t hem.  A s  T a b l e  2 shows ,  the t r a n s f e r  
of  l y m p h  g land  c e l l s  f r o m  a s e n s i t i z e d  donor  l e d  to the  m o r e  r a p i d  r e j e c t i o n  of the  g r a f t  than  in  the  c o n t r o l  
g roup  (P < 0 . D , b u t  the  s e c o n d  g r a f t  of t h e s e  s a m e  a n i m a l s  w a s  s t i l l  r e j e c t e d  f a s t e r  than  the f i r s t ,  excep t  
when the  a d a p t i v e  t r a n s f e r  w a s  c a r r i e d  out a f t e r  6 months .  

In  can  b e  conc luded  f r o m  the  r e s u l t s  of  both  s e r i e s  of e x p e r i m e n t s  tha t  the  c e l l s  of i m m u n e  l y m p h  
g l ands  can  t r a n s f e r  i m m u n o l o g i c a l  m e m o r y  to t r a n s p l a n t a t i o n  a n t i g e n s  and can r e p o p u l a t e  in  a s y n g e n e i c  
bone  m a r r o w .  C o m p a r i s o n  of  the  r e s u l t s  of  t h e  two e x p e r i m e n t s  shows  tha t  d u r i n g  a d a p t i v e  t r a n s f e r  of 
i m m u n e  l y m p h  g l and  c e l l s  the  r e j e c t i o n  of  the  f i r s t  g r a f t  w a s  of the  s e c o n d  se t  type ,  but  by  c o n t r a s t  wi th  
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TABLE 2. Effect of Number of Skin Grafts f rom C57BL/6 Mice 
on Intensity of Immunological  Memory to Transplantat ion Antigens 
during Adaptive Trans fe r  of Immune Lymph Gland Cells of CBA 
Mice to Lethally I r radia ted  Syngeneic Recipients 

Interval be- 
tween sensi- 
tization and 
adaptive 

.~ transfer 
Z E  

10 
10 

10 

l0 

10 

10 

l0 

2 Weeks 

3 

1 Month 

2 Weeks 

3 

Order of 
grafts 

10 6 Months 

First 
First 
S ec ond 
First 
Second 
Third 
Fourth 
Fifth 
First 
Second 
Third 
Fourth 
Fifth 
First 
Second 
Third 
Fourth 
Fifth 
First 
Second 
Third 
Fourth 
Fifth 
First 
Second 
Third 
First 
Second 

Number of cells in- 
jected (X 106) 

r 

Time of rejection of graft 
(in days) 

M 4 .  m 

18,7+0,97 
15,2-----0,43 
8,3"-0,22 
9,9---+0,22 
7,9-+-0,34 
7,0+0,11 
6,4• 
6,2• 
9,4--+0,43 
7,5• 
6,0-----0,22 
5,9• 
5,6-----0,32 
9,0+0,43 
5,7-----0,22 
5,5-*-0,22 
6,0--0,22 
5,6-----0,11 
8,5--+0,32 
5,6-+-0,22 
5,4• 
6,0-+-0,11 
5,7-+-0,01 
8,1 4-0,32 
5,5+0,22 
6,0-----0,32 
6,8+--0,43 
6,6-----0,1 t 

P1 P$ 

<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<O,O1 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,01 
<0,0l 
<0,01 
<0,01 -- 
<0,01 >0,05 

<0,01 
<0,01 
<0,01 
<O,Oi 

<0,01 
<0,01 
<0,01 
<0,01 

<O,Ol 
<0,01 
<0,01 
<0,01 

<0,01 
<0,01 
<0,01 
<0,01 

<0,01 
<0,01 

Legend: LGC) lymph gland cells; BMC) bone mar row cells; P1) de-  
gree of significance relative to f i rs t  graft  t ransplanted to lethally 
i r radia ted  CBA mice receiving intact LGC; P2) degree of significance 
relat ive to f i rs t  graft  t ransplanted to CBA mice receiving adaptive 
t r ans fe r  of 50 million LGC f rom immune animals. 

the experiments of se r ies  I the reject ion of the second graft  in these same animals was also by the second 
set type compared with the f irst ,  except in the case of adaptive t r ans fe r  after  6 months. 

The "double second set" phenomenon observed in these experiments  was evidently due to the fact that 
at the t ime of the second grafting operation the i r radia ted  syngeneic recipients ,  protected with syngeneic 
bone mar row against the transplanted cells, were  able to form a f resh  pool of lymphocytes which, af ter  
the i r  production, were  sensi t ized against the antigens of the p r i m a r y  graft.  In these experiments  the more  
rapid reject ion of the p r i m a r y  graf ts  was due to a react ion of the t r ans fe r r ed  cells of the sensit ized donor, 
whereas  the more  rapid reject ion of the secondary graf ts  was due to an immunological react ion of the 
memory  cells of the new pool of sensi t ized cells, which could be the progenies  of both donor and recipient 
p r e c u r s o r  cells. If the interval  between the graf ts  was 6 months, cells ar is ing f rom p r e c u r s o r  cells of the 
sensit ized donor, f rom cells ar is ing f rom the t r an s f e r r ed  bone marrow,  and f rom cells of the hematopoietic 
t i ssue of the recipient itself, which had regenera ted  after  i rradiat ion,  could par t ic ipate  in the reaction to 
the f i rs t  graft  in the i r radia ted  recipient. During the 6 months which elapsed in these experiments  af ter  
adaptive t r ans fe r  of the immune lymph gland cells,  the t r an s f e r r ed  memory  cells were  evidently able to 
t ransmi t  the corresponding immunological  information to the newly ar is ing cells. In this experiment the 
phenomenon of acce lera ted  reject ion of the f i rs t  graft  was  therefore  expressed  to the maximal degree,  
while the "double second set" phenomenon was absent. 
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