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In the ea r ly  s tages  a f t e r  immunizat ion of mice by a single injection of al logeneic cells ,  a 
skin graf t  obtained f r o m  a mouse of a third s t ra in  exhibiting pa r t i a l  ant igenic over lap  with 
the donor does not undergo rapid  re jec t ion  despite a maximal  secondary  response  to a 
gra f t  f r o m  the corresponding donor .  The development  of a secondary  response  to a th i rd-  
pa r ty  graf t  in the late s tages  a f te r  single or  during repea ted  immunizat ion is not due to a 
change in the p r o p e r t i e s  of the lymphocytes ,  but to the synergic  action of humoral  ant i -  
bodies.  Immunizat ion with single antigenic specif ic i ty  or  with a combination of antigens 
de te rmined  by two a l le les  of the H-2 locus induces rapid  re jec t ion  of t h i rd -pa r ty  skin 
g ra f t s .  Skin-graf t ing expe r imen t s  conf i rmed the pr inc ip les  obse rved  prev ious ly  in the 
study of the specif ic i ty  of lymphocytes  on model  syste  ms in vi t ro .  

Tissue des t ruc t ion  during al lograf t ing is due to d i rec t  contact between immune lymphocytes  and the 
corresponding antigens of the t a rge t  cel ls .  Invest igat ions of the immunological  specif ic i ty  of t r ansp lan ta -  
tion immunity  using model s y s t e m s  in vi t ro have shown that, unlike humora l  isoantibodies,  immune lym-  
phocytes a re  polyspecif ic  [1-3], and they provided an explanation of the mechan i sm of development  of the 
complex r e c e p t o r s  of the T- lymphocy tes  [4]. However,  the poss ibi l i ty  cannot be ruled out that the poly-  
specif ici ty  of lymphocytes  obtained 8 days a f t e r  a single immunizat ion is a l abora to ry  phenomenon which 
does not re f lec t  the na tura l  p r inc ip les  of t ransplanta t ion  immunity .  

To tes t  this hypothesis  the specif ic i ty  of the secondary  r e sponse  to a skin graf t  in vivo and the role  
of lymphocytes  and antibodies in th i s  p r o c e s s  were  studied. 

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

Inbred mice aged 9-12 weeks belonging to congeneie l ines C57BL/10ScSn (H-2b), B10. D2 (H-2d), 
B10. A (H-2a), and B10. 504 (H-2da), and also to l ines C3H/Sn (H-2 k) and I /St  (H-2 l) were  used.  Lines 
B10. D2 and B10. 504 differ  only in a single antigenic specif ici ty  in the H-2 locus [5]. 

The tumor  used was s a r c o m a  MChl l ,  induced by methylcholanthrene and pas sed  through C57BL/10  
mice .  A suspension of tumor  cei ls  was obtained by t ryps in iza t ion .  

The methods of obtaining cell  suspensions  f rom the spleen and lymph glands of the mice and of de-  
te rmining  the i r  viabil i ty were  desc r ibed  prev ious ly  [1, 2]. 
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T A B L E  1. 
I m m u n i z e d  wi th  C 5 7 B L / 1 0  T i s s u e s  (M + m) 

Interval be- 
tween im- 
munization 
and skin 
~rafting (in 

ays) 

R e j e c t i o n  of Skin G r a f t  of S t r a i n  B10.A by B10.D2 Mice 

Type of C57BL/tO 

3 
4 
7 
9 

28 
7 

immunizing tissue 

Period or survival of skin graft. 
(in days) 

C57BL/10 

24 10,7• 
19 6,2• 
16 6,7+0,3 

6,14-0,1 
15 6,2+0,1 

7,64-0,1 
9 6,24-0,2 

<o-7ool 
GO,OOt 
Go,0ol 
Go,ool 
<o,ool 
G0,OOl 

BIO.A P 

8,6+'0,3 
8,4~0,4 
8,3• 
8,9• 
7,4~0,5 
7,6• 
7,3-+-0,3 

Sarcoma 
Skin 
Spleen 
Sarcoma 
Skin 
Sarcoma + spleen + 
sarcoma 

>0,1 
>0,1 
>0,1 
G0,05 
G0,02 
G0,01 

]5 

]5 

3 
/5 

F 

g 3 4 1 2 3 
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F i g .  1. T r a n s f e r  of r a p i d l y  r e -  
j e c t e d  g r a f t  of C 5 7 B L / 1 0  and B10.A 
sk in  to B10.D2 m i c e  wi th  h y p e r -  
i m m u n e  l y m p h o c y t e s  and wi th  
B10.D2 a n t i - C 5 7 B L / 1 0  s e r u m .  Un- 
s h a d e d  and ob l i que ly  s h a d e d  c o l -  
umns  r e p r e s e n t  n o r m a l  B10.D2 
m i c e ;  c r o s s - h a t c h e d  c o l u m n s  r e -  
p r e s e n t  i m m u n i z a t i o n  wi th  C 5 7 B L /  
10 s p l e e n  (4 �9 l 0  s c e i l s  i n t r a p e r i -  
t o n e a l l y  7 d a y s  b e f o r e  t r a n s p l a n -  
t a t ion) .  I n t r a v e n o u s  i n j e c t i o n  of 
1.5 �9 108 i m m u n e  l y m p h o c y t e s  (2) 
once  (a) o r  twice  (b). I n t r a p e r i t o -  
n e a l  i n j e c t i o n  of a n t i s e r u m  (3) o r  
n o r m a l  B10.D2 s e r u m  (4) on d a y s  
0, 2, 4, and  6 in d o s e s  of 0.2 m l  (a) 
o r  0.1 m l  (b), and  on d a y s  0, 1, 2, 
and 3 in a dose  of 0.2 m l  (c) .  O r d i -  

na te ,  m e a n  d u r a t i o n  of  s u r v i v a l  of  
sk in  g r a f t  (in d a y s ) .  N u m b e r s  above  
c o l u m n s  show n u m b e r  of r e c i p i e n t  
m i c e .  

T r a n s p l a n t a t i o n  of sk in  f r o m  the d o n o r ' s  t a i l  to the  r e c i p i -  
e n t ' s  b a c k  w a s  c a r r i e d  out  by the me thod  of B i l l i n g h a m  and 
M e d a w a r  [9] in the  m o d i f i c a t i o n  d e s c r i b e d  in [6]. G r a f t s  m e a s u r -  
ing 20-30  m m  2 in a r e a  w e r e  f i xed  by  a d h e s i v e  t ape  which  was  r e -  
m o v e d  6 d a y s  a f t e r  g r a f t i n g ,  when the  s t a t e  of the  g r a f t  was  r e -  
c o r d e d  d a i l y .  The  g r a f t  was  r e g a r d e d  a s  r e j e c t e d  i f  a l l  o r  n e a r l y  
a l l  of i t s  s u r f a c e  w a s  n e c r o t i c .  The d o n o r s  of  the  g r a f t s  w e r e  
a l w a y s  f e m a l e s ,  but  the  r e c i p i e n t s  w e r e  e i t h e r  m a l e s  o r  f e m a l e s .  
In e a c h  e x p e r i m e n t  sk in  f r o m  m i c e  of 2 -4  s t r a i n s  w a s  g r a f t e d  
onto the  s a m e  r e c i p i e n t s .  The s t a t i s t i c a l  s i g n i f i c a n c e  was  d e t e r -  
m i n e d  by S tuden t ' s  t - t e s t .  

A s i n g l e  i m m u n i z a t i o n  w a s  c a r r i e d  out  w i th  M C h l l  c e l l s  in 
a d o s e  of 3 �9 l 0  G, i n j e c t e d  s u b c u t a n e o u s l y  on the le f t  and  r i g h t  
s i d e s ,  o r  s p l e e n  c e l l s  i n j e c t e d  i n t r a p e r i t o n e a l l y  in a dose  of 4 �9 l 0  G 
o r  by  the sk in  g r a f t .  Dur ing  t r i p l e  s u b c u t a n e o u s  i m m u n i z a t i o n  the 
B10.D2 m i c e  r e c e i v e d  6 �9 l 0  s M C h l l  c e l l s ,  4 �9 107 C57BL/10  
s p l e e n  c e l l s ,  and  3 �9 l 0  s M C h l l  c e l l s  In s u c c e s s i o n  at  5 po in t s  a t  
i n t e r v a l s  of 1-2 w e e k s .  Blood s e r u m  and l y m p h  g land  c e l l s  w e r e  
o b t a i n e d  7 days  a f t e r  the  l a s t  i m m u n i z a t i o n .  A n t ibod i e s  a g a i n s t  
a n t i g e n s  of the  H-2 l o c u s  w e r e  d e t e r m i n e d  by  d e x t r a n  h e m a g g l u -  
t i na t i on  [10]. 

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 ,B10.D2 m i c e  w e r e  i m m u n i z e d  
wi th  C 5 7 B L / 1 0  t i s s u e s  ( i n c o m p a t i b i l i t y  wi th  r e s p e c t  to four  H-2 
a n t i g e n s :  2, 5, 22, and  33), and  t e s t e d  s i m u l t a n e o u s l y  wi th  two 
sk in  g r a f t s :  f r o m  the d o n o r  (C57BL/10)  and f r o m  a t h i r d  s t r a i n  
(B10.A).  Th i s  l a s t  s t r a i n  has  one a n t i ge n  (5) of the  H-2 l o c u s  of 
the f o u r  i m m u n i z i n g  a n t i g e n s  u s e d  in c o m m o n  wi th  the  d o n o r .  

Table  1 shows  tha t  in the  e a r l y  p e r i o d  a f t e r  sk in  g r a f t i n g  
(3, 4, o r  7 days ) ,  a f t e r  a s ing le  i m m u n i z a t i o n  wi th  s a r c o m a  o r  
sk in  o r  w i th  a s m a l l  d o s e  of  s p l e e n  c e l l s  the  d o n o r ' s  sk in  g r a f t  
was  I e j e c t e d  by  a s e c o n d a r y  type  of m e c h a n i s m ,  whi le  the  t h i r d -  
p a r t y  sk in  u n d e r w e n t  p r i m a r y  r e j e c t i o n .  Wi th  an  i n c r e a s e  in  the  
i n t e r v a l  b e t w e e n  i m m u n i z a t i o n  and t e s t  g r a f t i n g  to 9-28 d a y s ,  
r e j e c t i o n  of the t h i r d - p a r t y  sk in  g r a f t  was  a c c e l e r a t e d .  Th is  
a c c e l e r a t i o n  b e c a m e  higMy s i g n i f i c a n t  if  the g r a f t i n g  was  c a r r i e d  
out a f t e r  t r i p l e  i m m u n i z a t i o n .  The  d o n o r ' s  sk in  g r a f t  unde rwen t  
a s e c o n d a r y  t ype  of  r e j e c t i o n  in a l l  c a s e s .  
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TABLE 2. Reject ion of Skin Graft  of T h i r d - P a r t y  Mice a f te r  I m -  
munizat ion with a Single Antigen of the H-2 Locus or  with Anti- 
gens of Two Alleles  of the H-2 Locus* 

Donor Recipient (~'g .~ 
Duration of survival of skin graft of strains (in days) 

BIO. D2 (1/1)~ P 

BI0.504 9 12,1• -- 
B 10.--D2 BI0. 504 6 10,3__+0,2 ~0,05 

BIO. A (8/8)T C3H (5/8) T 

C57BL/lO 8 9,3+0,4 8,8__+0,3 
BIO. A C57BL/10 l0 6,i• 7,44-0,4 

P~0,001 P~0,002 
~ g l e  in t raper i tonea l  immunizat ion  with 4 
days be fo re  skin graf t ing.  

BIO. A (l /t)1" p 

8,8• 
6,8+0,4 <0,001 

B10 D2 (5/8)1" I/St (I/8)$ 

10,3__+0,7 9,0• 
9,0• 10,1• 
P>0,05 P>0,05 

106 spleen cel ls  7 

$ Theore t i ca l  index of immuni ty  shown in pa ren theses :  ra t io  
be tween number  of r eac t ing  antigens of the graf t  and number  of 
immunizing antigens of the donor.  

Active immune lymphocytes ,  which a t tack the donor ' s  skin graf t ,  are  evidently h a r m l e s s  for the skin 
graf t  f r o m  a third s t ra in  possess ing  only one of the four immunizing ant igens.  To de te rmine  the causes  of 
acce le ra t ion  of re jec t ion  of the t h i rd -pa r ty  skin graf t ,  at l a t e r  s tages  or  a f t e r  t r iple  immunizat ion,  B10.D2 
lymphocytes  obtained f r o m  lymph glands a f t e r  t r ip le  immunizat ion  with C57BL/10 cel ls  we re  injected in-  
t ravenous ly  into f r e sh  syngeneic mice  in a dose of 1.5 �9 108 cel ls  once o r  twice.  Before and a f te r  the in- 
jection the rec ip ien t s  we re  g r a f t e d  with the skin of the donor (C57BL/10) and of a th i rd  s t r a in  (B10.A). 
As Fig.  1 shows, in all  c a se s  the immune lymphocytes  induced rapid  re jec t ion  of the donor ' s  skin, whereas  
re jec t ion  of the t h i rd -pa r ty  skin not only was not acce le ra ted ,  but was actual ly  delayed.  

In another  s e r i e s  of expe r imen t s  the immune s e r u m  obtained f r o m  those B10.D2 mice  f r o m  which 
the immune lymphocytes  had been taken was injected in t raper i tonea l ly  into syngeneic  mice  4 t imes  in 
volumes  of 0.1 or  0.2 ml  on days 0, 2, 4, and 6 re la t ive  to the tes t  t ransplanta t ion .  The t i te r  of hemagglu-  
tinins against  C57BL/10 e ry th rocy t e s  in the s e r u m  was 9-10 log 2. The rec ip ien t s  were  f i r s t  immunized  
with C57BL/10 spleen (this type of immunizat ion  does not a cce l e r a t e  re jec t ion  of B10.A skin; see  Table 1). 
It will be c lea r  f r o m  Fig.  1 that under these conditions injection of 0.2 ml of the immune  s e r u m  caused 
rapid  re jec t ion  of the B10.A skin. The use of s m a l l e r  doses  of s e r u m  (0.1 ml),  o r  i ts  injection too soon 
a f t e r  graf t ing (days 0, 1, 2, and 3) did not lead to acce l e r a t ed  re jec t ion  of the B10.A skin. Normal  s e rmn ,  
injected in doses  of 0.2 ml  four t imes  at dif ferent  per iods  a f t e r  graf t ing l ikewise was ineffect ive.  

By con t ras t  with the s y s t e m  desc r ibed  above,  in the case  of incompat ibi l i ty  with r e s p e c t  to a single 
antigenic specif ic i ty  (B10.D2 ---- B10.504), immunizat ion  with spleen cel ls  led to rapid  re jec t ion  of the skin 
both of the donor (B10.D2) and of the th i rd  s t r a in  (B10.A) having the same antigen (Table 2}. In the case  
of immunizat ion with a se t  of eight antigens de te rmined  by two H-2 a l le les  (d and k) (the B10.A --* C 5 7 B L /  
10 sys tem),  skin both f r o m  the B10.A donor and f r o m  s t ra ins  C3H and (not significantly} B10.D2, ca r ry ing  
antigens of the H-2 k and H-2 d a l le les  r e spec t ive ly ,  was re jec ted .  Converse ly ,  a g ra f t  of I /St  skin, with 
only one of the eight immunizing antigens (10), underwent the p r i m a r y  type of re jec t ion  (Table 2). 

The pr inc ip les  d i scove red  p rev ious ly  in a study of the specif ici ty  of immune lymphocytes  on model  
s y s t e m s  in vi t ro  were  thus conf i rmed by skin graf t ing at different  t imes  a f t e r  single immunizat ion:  1) a 
g ra f t  containing some  of the immunizing antigens does not undergo rap id  re jec t ion  in the p r e s e n c e  of a 
max imal  r e sponse  to a g ra f t  f r o m  the cor responding  donor; 2) during immuniza t ion  with a single antigen, 
skin both of the donor and of a third s t ra in  containing this antigen undergoes  secondary  re ject ion;  3) i m -  
munizat ion with a combination of antigens de te rmined  by two a l le les  of the H-2 locus (d and k) induces 
rapid  re jec t ion  of g ra f t s  ca r ry ing  each  of these a l le les  separa te ly ;  4) re jec t ion  of a C3H (H-2 k) g ra f t  is  
acce l e r a t ed  more  than re jec t ion  of a B10.D2 (H-2d) g ra f t .  

The r e su l t s  desc r ibed  by s ta tement  1 do not agree  with observa t ions  published prev ious ly  [8]. The 
r e a s o n  is evidently because  in that invest igat ion the s t ra ins  of mice  used were  not congeneic  or  not s t r ic t ly  
congeneic with r e s p e c t  to the H-2 locus, as  the r e su l t  of which acce le ra t ion  of r e j ec t ion  of the t h i rd -pa r ty  
skin could have been due to immunizat ion against  antigens of different  H-loci .  
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The development  of a secondary  reac t ion  to the th i rd -pa r ty  graf t  in the late s tages  a f te r  single or  
during repea ted  immuniza t ion  is due, as the r e su l t s  of this investigation show, to the act ion of humora l  
antibodies and not to a change in the p rope r t i e s  of the lymphocytes  (a6cumulation of lymphocytes  mono- 
speci f ic  against  the antigen of the third s t ra in) .  In fact,  hyper immune lymphocytes  induced secondary  r e -  
ject ion of the donor ' s  skin in syngeneic rec ip ients ,  but p r i m a r y  re jec t ion  of the t h i rd -pa r ty  skin, despi te  
the fact  that this skin underwent secondary  re jec t ion  by the donor of the lymphocytes .  On the o ther  hand, 
an t i s e rum of hyper immune  mice ,  containing a high t i t e r  of ant ibodies,  induced rapid  re jec t ion  of a th i rd-  
pa r ty  graf t  by rec ip ien t s  immunized  against  antigens of the corresponding donor .  This action of the ant i -  
s e r u m  is immunological ly  specif ic ,  for  a g ra f t  of an unrela ted line (BALB/c) ,  having none of the antigens 
of the immunizing complex,  underwent p r i m a r y  re jec t ion  by these same  rec ip ien t s .  P r e s u m a b l y  the i so-  
antibodies can r e j ec t  the skin if the immune lymphocytes  themse lves  are  unable to des t roy  the graf t .  Sim- 
i l a r  r e su l t s  have recen t ly  been demons t r a t ed  under conditions in which the act ivi ty of the lymphocytes  was 
weakened by cor t i sone and ant i lymphocyt ic  s e r u m  [11]. This s y n e r g i s m  may  be the main function of hu- 
m o r a l  antibodies in the des t ruc t ion  of t i s sues  during t ransplanta t ion  immuni ty .  The m e c h a n i s m s  of  this 
s y n e r g i s m  may be act ivat ion of immune lymphocytes  by the a n t i g e n -  antibody complex on the surface  of 
t a rge t  cel ls  [12], an i nc rea se  in the vulnerabi l i ty  of the t a rge t  cel ls  when t r ea t ed  with antibodies,  o r  com-  
plex in te rac t ion  between s e v e r a l  components:  immune lymphocytes ,  soluble alloantigen, antibodies,  and 
complement  [7]. 

The author  is g ra te fu l  to I. K. Egorov for providing the B10.504 and B10.A mice for the expe r imen t s  
and to G. N. Vornakova for  technical  a s s i s t ance .  
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