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Detai ls  are  given of the isolat ion of H-2 t ransplantat ion antigen from the spleen of BALB/c 
mice in a soluble form. The antigen was identif ied by exhaustion of the activi ty of the spec i -  
fic i soant i se rum,  pur i f ied by gel f i l t rat ion,  and its approximate molecular  weight determined.  
The isola ted  antigen is biological ly  active and i t  induces the appearance of specif ic  t r ansp lan-  
tation immunity, detectable by the secondary response  test ,  and also of humoral  i soant i -  
bodies detectable by a cytotoxic tes t  in vitro.  

Transplantat ion antigens are  substances of prote in  or  giycoprotein nature responsible  for induction 
of t ransplantat ion immunity, and they are  located on the surface membrane of all ce l l s  of the body [4, 9, 10, 
13]. They are  synthesized by t i ssue  compatibi l i ty  genes. It is only recent ly  that sa t i s fac tory  methods of 
obtaining t ransplanta t ion antigens in a soluble form, including f rom human mater ia l ,  have been developed 
[7, 11, 14]. The study of soluble t ransplantat ion antigens is of pa r t i cu l a r  importance at the presen t  t ime 
because  of the inc reased  to lerance  of soluble prote ins  purif ied from complexes of aggregated protein 
molecules [8]. 

In the invest igat ion descr ibed  below the p rope r t i e s  of a complex of t ransplanta t ion antigens de te r -  
mined by the H-2 locus in mice were investigated.  

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

Mice of l ines BALB/c,  C57BL/6, and C3H/Sn (from the Nurse ry  of the Academy of Medical Sciences 
of the USSR) were used. Anti-BALB/c i soan t i se rum was obtained by six weekly in t raper i toneal  Injections 
of BALB/c mouse spleen cel ls  into C57BL/6 mice in a dose of half  a spleen per  mouse. Antigen was ob- 
tained from the spleens of BALB/c mice 14 days af ter  injection of cel ls  of a F r i e n d ' s  leukemia; the mean 
weight of the spleens was 1.5 g. The ini t ial  insoluble antigenic complex was isola ted by incubation of spleen 
cel ls  in hypotonic (0.1 M) NaC1 solution by the method of Davies [8]. The soluble antigen fraction was ob- 
tained by digestion of the or iginal  insoluble complex with papain [2, 5]. The supernatant  fraction of the 
mater ia l  t r ea ted  with papain, af ter  centrifugation at 130,000 g, was used as the soluble antigen. The super -  
natant was dialyzed against  0.002 M t r i s  buffer, the prote in  content was determined by Lowry 's  method, 
and the ma te r i a l  was p r e se rved  by the addition of thymol. 

Activity of the t ransplantat ion antigen was measured  in a cytotoxic text in vi t ro [1] by exhaustion of 
the activity of an t i -BALB/c  an t i se rum of C57BL/6 mice in a dilution giving 80% of dead cel ls  with the test  
mater ia l .  The unit of antigenic activi ty was the quantity of protein  in the highest  dilution of antigen giving 
a dec rease  of cytotoxic activity f rom 80 to 50% of dead cells .  The specific antigenic activity was determined 
as the number of antigenic units pe r  mg protein.  Before investigation of the antigenic activity of the ma-  
t e r i a l ,  NaC1 was added to it to an isotonic concentration. 
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TABLE I. Specif ic  Ant igenic  Ac t iv i ty  of  T ransp l an t a t i on  Ant igen  in the C o u r s e  of  Rs 
I so la t ion  and Pu r i f i c a t i on  

Ant igen  

inso lub le  
Soluble 
F i r s t  p r o t e i n  peak  of G-75 e lua te  
Second p r o t e i n  peak  of R-300 e lua te  

Concen t ra t ion  of ant igen 
inhibi t ing  ac t iv i ty  of 
a n t i s e r u m  (in mg /ml )  

0.3 
0.4 

0.2 
0.05 

Number  of ant igenic  
uni ts  p e r  mg p r o t e i n  

133 
100 
200 
800 

TABLE 2. Induction of  Secondary  Response  to Gra f t  of D o n o r ' s  Line 
a f t e r  In jec t ion  of  T r a i l s  

Donor  of g ra f t  

B A L B / c  
B A L B / c  
B A L B / c  
C3H/Sn 
C3 H/Sn 
B A L B / c  
B A L B / c  

Dose of 
ant igen 
(in mg) 

1 
0.5 

1 
1 

10 

) lanta t ion Antigen 

Mode of in jec t ion  

Subcutaneous ly  
Subcutaneous ly  

Subcutaneous ly  
In t r avenous ly  
In t ravenou s ly  

Number  of 
an ima l s  

10 
8 
7 

10 
8 
8 
8 

Mean t i m e  of 
s u r v i v a l  of g ra f t  

10.6 ±0.17 
7.7 ±0.17 
9.4 • 0.2 

10.7 ±0.3  
10.5 ~- 0.3 
10.7 ± 0.2 
10.9 ±0.17 

TABLE 3. F o r m a t i o n  of Cytotoxic  
I soan t ibod ies  aga ins t  Lymphocy te s  
of Donor ' s  Line a f t e r  In jec t ion  of 
T ransp l an t a t i on  Ant igen 

Dilut ion of P e r c e n t a g e  Cytotoxic  
a n t i s e r u m  of dead  ce l l s  index 

i:i0 

1:20 
1:40 
1:80 

93 
61 
36 
29 

0.9 
0.51 
0.18 
0.1 

Soluble ant igen (200 mg protein} was  appl ied  to a Sephadex 
G-75 colun~u (2 x 100 cm,  0.02 M t r i s  buffer ,  pH 7.4 [5]), which 
was p r e l i m i n a r i l y  c a l i b r a t e d  with human s e r u m  albumin.  Elu ted  
peaks  of u l t r a v i o l e t  abso rp t ion  at  280 m# were  co l l ec t ed  s e p a -  
r a t e l y  and t h e i r  an t igenic  ac t iv i ty  d e t e r m i n e d .  A 10 -mg  s a m p l e  of 
the p r o t e i n  f r ac t i on  e lu ted  f r o m  the Sephadex G-75 column in the 
f i r s t  peak  was  appl ied  to a co lumn of Biogel  R-300,  1 x20 cm, in 
the  s a m e  buf fe r  [6], and the p o s i t i o n s  of  the  p r o t e i n  were  d e t e r -  
mined r e l a t i v e  to human s e r u m  a lbumin  e lu ted  f rom the s a m e  
column.  

Di f fe ren t  amounts  of p r o t e i n  of the  so lub le  unpur i f ied  a n t i -  
gen were  in jec ted  i n t r avenous ly  and subcu taneous ly  into C57BL/6 

mice  4 days  be fo re  t r an sp l an t a t i on  of sk in  f rom the t a i l  of B A L B / c  o r  C3H/Sn mice  by  M e d a w a r ' s  method 
in E g o r o v ' s  modi f ica t ion  [3]. One group of C57BL/6  mice  r e c e i v e d  a subcutaneous  in jec t ion  of 1 mg so lub le  
ant igen on the f i r s t  and 14th days;  b lood was taken  f rom them on the 21s t  day and t e s t e d  for  the p r e s e n c e  of 
h u m o r a l  i soan t ibod ie s  in a cy to toxic  t e s t  aga ins t  l ymphocy tes  of B A L B / c  mice .  

EXPERIMENTAL RESULTS 

The protein content of the insoluble antigen was about 1% of the moist weight of the spleens used. 
The protein content of the supernatant after centrifugation at 130,000 g, i.e., of the soluble antigen, was 
20% of the insoluble complex. 

The va r i ous  f r ac t ions  of  t r a n s p l a n t a t i o n  ant igen in the  c o u r s e  of i t s  i so l a t ion  and p u r i f c a t i o n  w e r e  
d i lu ted  s e r i a l l y ,  and each  di lu t ion of antigen was  t e s t ed  by exhaus t ion  of the cy to toxic  ac t iv i ty  of an t i -  
B A L B / c  a n t i s e r u m  f rom C57BL/6 mice  (Table 1). The exhaus t ion  of ac t iv i ty  of  the a n t i s e r u m  was spec i f i c ,  
f o r  ac t iv i ty  of the an t i -C57BL/6  a n t i s e r u m  f rom B A L B / c  mice  did not d i s a p p e a r  a f t e r  abso rp t ion  with the 
ant igen.  

F o r  the exhaus t ion  t e s t  with each s a m p l e  of a n t i s e r u m  0.025 ml of ant igen was u sed  and the uni t  of 
ac t iv i ty  was taken  to be the p r o t e i n  content  of ant igen d e p r e s s i n g  ac t iv i ty  of the a n t i s e r u m  in the r e a c t i o n  
medium of one sample .  The s t a n d a r d  a n t i s e r u m  di lut ion was 1:80. 
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Fig .  1. E l u t i o n  of so lub l e  a n t i g e n  on Sephadex  G-75  c o l u m n :  1) a n t i -  
gen;  2) human serum albumin. Ordinate, absorption at 280 mg ; 
a b s c i s s a ,  v o l u m e  of e l u a t e  ( in ml ) .  

F ig .  2.  E Iu t ion  of a n t i g e n  on B i o g e l  R-300  co l unm .  L e g e n d  a s i n  Fig .  1. 

A f t e r  e l u t i o n  of  s o l u b l e  a n t i g e n  f r o m  t h e  Sephadex  G-75  c o l u m n  {Table 1), t he  a n t i g e n i c  a c t i v i t y  was  
found in  the  f i r s t  p r o t e i n  p e a k  wh ich  was  e l u t e d  i n  a p p r o x i m a t e l y  t h e  s a m e  pos i t i on  as  h u m a n  s e r u m  a l b u -  
m i n  (Fig. i). 

No antigenic activity was found in the second protein peak, at ]east in a concentration of 2 mg/ml, 
which  inc luded  so lub l e  papa in  p r e s e n t  as an  i m p u r i t y .  T h e  a n t i g e n i c  a c t i v i t y  of the  e l u a t e  a f t e r  c h r o m a t o -  
g r a p h y  on a B i o g e l  R - 3 0 0  c o l u m n  w a s  found in  the  second  p r o t e i n  peak ,  the  spec i f i c  a c t i v i t y  of wh ich  was  8 
t i m e s  h i g h e r  t h a n  the  ac t i v i t y  of the  i n i t i a l  so lub l e  an t igen .  No a c t i v i t y  was  found in  the  f i r s t  p r o t e i n  p e a k  
a t  l e a s t  i n  a c o n c e n t r a t i o n  of  2 r a g / m l .  The  pos i t i on  of e l u t i on  of the  a c t i v e  f r a c t i o n  c o r r e s p o n d e d  a p p r o x i -  
m a t e l y  to the  c h a r a c t e r  of e l u t i o n  of h u m a n  s e r u m  a l b u m i n ,  i n d i c a t i n g  t h a t  t h e i r  m o l e c u l a r  w e i g h t s  a r e  
c l o s e l y  s i m i l a r :  a p p r o x i m a t e l y  60 ,000 -70 ,000  (Fig .  2). 

I t  can  be  s e e n  i n  T a b l e  2 t h a t  u n p u r i f i e d  so lub le  t r a n s p l a n t a t i o n  an t igen ,  p o s s e s s i n g  an  a c t i v i t y  of  100 
u n i t s / m g  in  the  e x h a u s t i o n  t e s t ,  can  induce  t r a n s p l a n t a t i o n  i m m u n i t y  a g a i n s t  a g r a f t  f r o m  the  donor  B A L B / c  
l i n e  i n  a m i n i m a l  dose  of  0.5 mg  by subcu t aneous  i n j e c t i o n  (P< 0.01) 4 days  b e f o r e  t r a n s p l a n t a t i o n .  H o w -  
e v e r ,  a g r a f t  t a k e n  f r o m  a C 3 H / S n  m o u s e  w a s  r e j e c t e d  a t  t he  s a m e  t i m e  as  i n  the  con t r o l  d e s p i t e  s e v e r a l  
c o m m o n  f e a t u r e s  of  a n t i g e n i c  s p e c i f i c i t y  b e t w e e n  l i n e s  B A L B / c  and  C3H/Sn.  A f t e r  i n t r a v e n o u s  i n j e c t i o n  i n  
a dose  of  1 o r  10 mg  4 d a y s  b e f o r e  t r a n s p l a n t a t i o n , t h e  g r a f t s  w e r e  r e j e c t e d  e x a c t l y  as i n  the  cont ro ls .  

T h e  f o r m a t i o n  of cy to toxic  i s o a n t i b o d i e s  i n  r e s p o n s e  to two i n j e c t i o n s  of  s o l ub l e  an t i gen  i n  a dose  of 
1 m g  i s  shown in  T a b l e  3.  An t ibod ies  w e r e  f o r m e d  in  a t i t e r  of  1 :40 (cytotoxic  i ndex  in  the  zone  of con f i -  
dence  not  l e s s  t h a n  0.15 [1]). 

The  r e s u l t s  d e s c r i b e d  i n  t h i s  p a p e r  i n d i c a t e  t h a t  t r a n s p l a n t a t i o n  a n t i g e n  d e t e r m i n e d  by the  H-2  locus  
can  be  i d e n t i f i e d  i n  B A L B / c  m i c e  both i n  v i t r o  and in  v ivo,  and t h e y  a g r e e  on the  who le  wi th  the  f i nd ings  
of  D a v i e s  [6], M a n s o n  e t  a l .  [ 12], e t  a l .  The  b i o l o g i c a l  a c t i v i t y  of the  t r a n s p l a n t a t i o n  a n t i g e n s  r e q u i r e s  
f u r t h e r  i n v e s t i g a t i o n .  
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