
S T U D Y  OF S T R A I N - S P E C I F I C  A N T I G E N S  

IN MICE OF S T R A I N S  A AND C57BL 

B. V.  K o n y u k h o v  and  D .  M. G l u k h a r e v  

Department of Heredity (Head - Candidate Biol. Sci. B. V. Konyukhov) 
of the Institute of Experimental Biology (Di rec to r -  Professor I.  N. Maiskii)AMN SSSR, Moscow 
(Presented by Active Member AMN SSSR N. N. Zhukov-Verezhnikov) 
Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 51, 
No. 1, pp. 97-101, January, 1961 
Origina ! article submitted December 10, 1969 

Several authors have shown that homotransplantation of various tissues and organs can easily be accomplish- 
ed in highly inbred animals. In noninbred animals, however, homotransplants are usually rejected. Certain facts 
shedding light on the mechanism of the rejection process have been established: the participation of the immune 
reaction of the organism in the rejection of homotransplants [2] has been shown. The survival of homotransplants 
in inbred animals has been attributed to the fact that there are no individual tissue antigenic differences between 
them.  Hence, the differences between different strains must correspond to the individual antigenic differences in 
the tissues of noninbred animals. 

Recently, many authors have found biochemical and antigenic differences in the tissues of different strains 
of inbred an ima l s -  in Drosophila [10,11], hens [6], and mice [3,4,5,7]. Using the agglutination reaction, Adler 
[3] established tissue antigenic differences in four highly inbred mice strains (BALB/c; C57B1/6; A/Jax;  DBAZ/3). 
However, Adler's results give more evidence on the quantitative than the qualitative antigenic difference be- 
tween these strains. At the same t ime,  the data of Amos [4] on the isoimmunization of different strains of mice 
by blood ceils, and the data of the same investigator and his colleagues [5] on skin grafts, indicates qualitative 
antigenic differences in different mice strains. Casperi [7] also showed the existence of qualitative biochemical, 
immunological,  and cytological differences between inbred mice (C57BL and BALB). Recently, however, certain 
authors [1] have found no tissue antigenic differences between genetically heterogeneous inbred strains (A, CC57, 
CsHA). 

In view of the contradictory nature of the information communicated by different authors on this question, 
we decided to undertake a special study in order to discover the existence of strain-specific antigens in inbred 
mice.  

E x p e r i m e n t a l  M e t h o d  

We used the anaphylaxis plus desensitization reaction on guinea pigs. Guinea pigs weighing'300-350 g 
each were sensitized subcutaneously by suspensions (20 mg each in  first series of experiments, 40 mg each in 
second) of kidney, spleen, liver, skin tissues, or erythrocytes of highly inbred mice (C57BL and A). For the ex- 
periments we used only adult males, since.recently, information has been obtained which indicates immunologi- 
cal ,  biochemical,  and cytological differences between males and females of inbred mice [7,9,12, and others]. 
It has also been shown that males of different strains (particularly C57BL and BALB) differ more than females of 
these strains. 

On the 21st day after the sensitizing injection, all the animals of the first series of experiments were de- 
sensitized to species- and organ-specific antigens by subcutaneous and intraperitoneal injections of a saline 
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T A B L E  1 

A n a p h y l a x i s  Plus D e s e n s i t i z a t i o n  Reac t ion  in  Gu inea  Pigs Sens i t i zed  by Suspensions of Tissues of  Mice  of One 

S t ra in  and Desens i t i z ed  by Ext rac t  of  Same  Tissues of  Mice  of  Second S t ra in  in  Response to  I n j e c t i o n  of Shock ing  

Dose of  Tissue Extrac t  f rom Mice  of  First  S t ra in  

No. of 

g u i n e a  
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19 

34  

36 

38 

26 

25 

27 

29 

S e n s i t i z a t i o n  

( subcu t aneous ,  

2O rag)  

D e s e n s i t i z a t i o n  ( subcu taneous  Tes t  for  c o m p l e t e  de sens i -  Shock ing  i n j e c t i o n  (intravenou 
and intraperitoneal injections tization (intravenousin- injection of 1000 mg of tissue 
of 1000 mg of tissue extract) jectionof I000 mg extract extract) 

t issue an t i gens  t issue an t igens  " r e a c t i o n  

Kidney  C57BL 

T h e  s a m e  

T h e  s a m e  

The  s a m e  
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T h e  s a m e  
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T h e  s a m e  
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s a m e  

s a m e  

T h e  

T h e  

T h e  

Kidney  A 

The  s a m e  

T h e  s a m e  
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Liver  A 

T h e  s a m e  

The  s a m e  

The  same  

Kidney  A 

T he  s a m e  

The  s a m e  

T he  s a m e  

Liver  A 

T he  s a m e  

T h e  s a m e  

T h e  s a m e  

Sp leen  A 

T h e  s a m e  

T he  s a m e  

E r y t h r o c y t e s A  

T he  s a m e  

T h e  s a m e  

T h e  s a m e  

T h e  s a m e  

T h e  �9 

T h e  s ame  

T h e  s a m e  

Kidney  C57BL 

T h e  s a m e  

T he  s a m e  

T he  s a m e  

Liver  C57BL 

T h e  s a m e  

T he  s a m e  

T he  s a m e  

Sp leen  C57BL 

T h e  s a m e  

T he  s a m e  

The  s a m e  

of  co r r e spond ing  t issues)  

first  second  th i rd  

r e a c t i o n  r e a c t i o n  r e a c t i o n  

t issue an t i gens  

+ ++ - . Kidney  C57BL 

++ + ,+ - T h e  s a m e  

+ - . . T h e  s ame  

+ ++ - . T h e  s a m e  

+ - . . L iver  C57BL 

++ +++ ++ - T h e  s a m e  

+ + - . T h e  s a m e  

+ ++ + . T h e  s a m e  

+ +++ + - S p l e e n  C57BL 

++ + - . The same 

+ +++ + - The same 

+ + - . Kidney C57BL 

+ + - . The same 

++ -- . . The same 

+ - . . The same 

++ - . . Erythroeytes 

C57BL 

++ - . . The same 

+ - . . The same 

++ - . . The same 

+ ++++ 

+ ++ - . Kidney A 

++ ++ - . The same 

+ ++ - . T h e  s a m e  

Sp leen  A 

The  s a m e  

T h e  s a m e  

T h e  s a m e  

+ ++ - . Liver A 

++ - . . The same 

+ +++ + - The same 

++ - . . The same 

+ + + + +  

+ ++ S p l e e n  A 

+ ++ T h e  s a m e  

++ ++ T h e  s a m e  

r e a c t i o n  

+ 

+ 

m 

+ 

4- 

m 

N o t e .  �9 i n d i s t i n c t  s y m p t o m s  of  a n a p h y l a c t i c  shock;  + t r e m o r ,  r u b b i n g  o f  nose and  ears .  ru f f l ing  of  f u r , d y s p n e a ,  

s l i gh t  drop i n  t e m p e r a t u r e ;  ++ the  s a m e  s y m p t o m s ,  more  p r o n o u n c e d ,  a n i m a l  sneeze s  f r e q u e n t l y ;  +++ the  s a m e  

s y m p t o m s ,  e v e n  more  p r o n o u n c e d ,  c o n v u l s i v e  l eaps ,  c o u g h i n g ,  l a t e r a l  pos i t i on ,  bu t  a n i m a l  surv ives ;  ++++ a l l  

s y m p t o m s  ve ry  p r o n o u n c e d ,  a n i m a l  dies ;  - no  s y m p t o m s  of a n a p h y l a c t i c  shock;  no  i n j e c t i o n s  m a d e .  
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T A B L E  2 

A n a p h y l a x i s  Plus D e s e n s i t i z a t i o n  Reac t i on  in  G u i n e a  Pigs Sens i t i zed  by Suspensions of  Tissues of Mice  of  One 

S t r a in  and  Desens i t i z ed  by Liver  Ex t rac t  f rom Mice  of  Other  S t ra in  in  Response to I n j e c t i o n  of  Shock ing  Dose of  

Liver  Ext rac t  f r o m  Mice  of  First  S t ra in  

N o .  o f  

g u i n e a  

p ig  

45 
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51 
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59 

60 

61 

62 

57 

58 
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66 
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64 

67 

68 

70 
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73 
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75 

76 

77 

78 

79 
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S e n s i t i z a t i o n  

( subcu t aneous ,  
40 rag)  

t issue a n t i g e n s  t issue an t igens  

Skin  A 

T h e  s a m e  

T h e  s a m e  

T h e  s a m e  

Ery throcy tes  A 

T h e  s a m e  

T h e  s a m e  

T h e  s a m e  

T h e  s a m e  

Kidney  A 

The  s a m e  

T h e  s a m e  

The  s a m e  

S p l e e n  A 

The  s a m e  

The  s ame  

The  s ame  

I s k i n  C57BL 

The  s ame  

The  s a m e  

The  s a m e  

Erythrocytes  C57BL 

The  s a m e  

T h e  s a m e  

The  s ame  

K i d n e y  C57BL 

T h e  s a m e  

The  s ame  

The  s a m e  

S p l e e n  C57BL 

T h e  s a m e  

The  s a m e  

D e s e n s i t i z a t i o n  ( subcu taneous  T e s t  for c o m p l e t e  Shock ing  i n j e c t i o n  ( i n t r avenous  

and i n t r a p e r i t o n e a l i n j e c t i o n  d e s e n s i t i z a t i o n  ( i n -  i n j e c t i o n  1000 m g  t issue e x t r a c t  

of  1000 m g  t issue e x t r a c t )  t r avenous  i n j e c t i o n  

1000 m g  e x t r a c t  of  

cor r .  t i ssues)  

r e a c t i o n  first second  t i ssue  an t i gens  r e a c t i o n  

re a c t i o n  re  a c t i o n  

Liver  C57BL ++ 

T h e  s a m e  + 

T h e  s a m e  ++ 

T he  s a m e  ++ 

T he  s a m e  + 

T he  s a m e  ++ 

T he  s a m e  ++ 

T he  s a m e  + 

T h e  s a m e  ++ 

T h e  s a m e  + 

T he  s a m e  ++ 

T he  s a m e  + 

T he  s a m e  + 

T h e  s a m e  + 

T he  s a m e  ++ 

T h e  s a m e  + 

T h e  s a m e  + 

Liver  A + 

T h e  s a m e  ++ 

T h e  s a m e  + 

T he  s a m e  + 

T h e  s a m e  ++ 

T h e  s a m e  ++ 

T h e  s a m e  + 

T h e  s a m e  ++ 

T h e  s a m e  + 

T h e  s a m e  ++ 

T h e  s a m e  + 

T h e  s a m e  ++ 

T h e  s a m e  ++ 

T h e  s a m e  + 

T h e  s a m e  + 

+++ 

+ 

+++ 

++ 

+++ 

+ 

++ 

++ 

++  

+ + +  

+ 

++ 

+++ 

@ 

M 

Q 

Liver  A 

The  s a m e  

T h e  s a m e  

The  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

Liver  C57BL 

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

The  s a m e  

T h e  s a m e  

The  s a m e  

The  s a m e  

The  s a m e  

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ +  

+ 

++ 

Note :  Symbols  as in  T a b l e  1.  
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extract of the same organs of mice of the other strain. In the second series of experiments, the guinea pigs were 
desensitized only to species-specific antigens by subcutaneous and intraperitoneal injections of saline extract of 
liver of mice of the other strain. On the following day we checked the completeness of desensitization (intra- 
venously), and in the case of incomplete desensitization we conducted a second test. When desensitization was 
complete,  we injected intravenously a shocking dose of antigen (saline extract of muscle tissues of the strain 
used for sensitization) after two hours. For the shocking injection in the first series of experiments we used anti- 
gens of the same organs which were used for immunization, and in the second series we used another organ (liver). 

The extract was obtained extempore  in the following way. The tissues washed free of blood were ground 
up with 9 volumes of physiological saline. The obtained suspension was centrifuged for 20 rain at 3000 rpm, and 
the supernatant liquid was used as the extract. 

E x p e r i m e n t a l  R e s u l t s  

In thefirst  series of experiments, all the guinea pigs sensitized by antigens of kidney, liver, spleen, or 
erythrocytes gave a strong anaphylaetic reaction when desensitized by the same tissues of the other strain. It 
should be noted that we observed complete desensitization to species- and organ-specific antigens only after re- 
peated injections of antigen (subcutaneous, intraperitoneal, and several intravenous injections). The majority of 
the animals showed no symptoms of anaphylactic shock in response to the injection of the shocking dose of anti- 
gen (Table 1). Only in three animals (Nos. 1, 3, 36) out of 31 did we observe a weak anaphylaetic shock, which 
was rated as +; in the other animals (Nos. 2, 4, 38) the symptoms of anaphylactic shock were indistinct, and were 
rated ~ .  

These results revealed no distinct antigenic differences between inbred mice of strains C57BL and A. How- 
ever,  taking into account the fact that desensitization to species- and organ-specific antigens sets in very slowly, 
after repeated injections accompanied by severe anaphylaetie shock, we carried out a second series of experi- 
ments. In this series, the animals were desensitized only to species-specific antigens on the assumption that such 
an experiment would enable a clearer demonstration of antigenic strain differences. This assumption was based 
on the results of the first series of experiments, where some animals had responded to the injection of strain- 
specific antigens with a weak anaphylactic reaction. We surmized that, after prolonged desensitization to species- 
and organ-specific antigens, the sensitization to weak strain-specific antigens would be reduced to some extent, 
and the guinea pigs would not respond with a pronounced anaphylaetic reaction to the injection of these antigens. 
Hence, in the second series of experiments, the animals were desensitized only to species-specific antigens, and 
organ-specific antigens were exehded.  In addition, we doubled the sensitizing dose of antigen on the expecta- 
tion that this would increase the sensitization to weak strain-specific antigens. The second series of experiments 
included the group of animals sensitized by skin antigens, since the studies of some authors have revealed anti- 
genie differences when skin was grafted between inbred mice of one sex of different strains [5,8]. 

In the second series of experiments, the majority of the animals sensitized by antigens of kidney, spleen, 
erythrocytes, or skin, and after desensitization to species-specific ant igens-  by liver extract from mice the other 
strain, responded with an anaphylactic reaction to the injection of the shocking dose of an t igen-  liver extract 
from mice of the strain used for sensitization (Table 2). 

In two animals (Nos. 77, 74) out of 32 the anaphylactic shock was rated as ++, in 15 as +, in 11 as ~-, and 
in 4 animals no symptoms of anaphylactie shock were observed. In animals sensitized by antigens of strain C57BL, 
the symptoms of anaphylactic shock in response to injection of the shocking dose were a little more pronounced 
than in animals sensitized by antigens of strain A. This might be due to the more complex composition of strain- 
specific antigens in mice of strain C57BL as compared with mice of strain A. 

In addition, in our experiments we observed unequal sensitivity of guinea pigs sensitized to antigens of dif- 
ferent organs. A rather' more pronounced anaphylactie reaction was noted in guinea pigs sensitized by kidney 
antigens; a relatively weak reaction was observed in guinea pigs sensitized by antigens of skin, spleen, and ery- 
throcytes. The results of these experiments showed that strain-specific antigens are apparently unevenly distri- 
buted quantitatively in different organs. This is in agreement with published information [3]. 

The results of the first series of experiments would appear to indicate the absence of antigenic differences 
between strains A and C67BL. This conclusion, in particular, was drawn by V. V. Gorodilova and L. V. Sher- 
shul'skaya [1]; the setup of their experiments on four groups of animals (15 guinea pigs) corresponded to the setup 
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of the first series of our experiments. However, the results of the second series of our experiments showed the 
presence of strain-specific antigens in mice of strains A and C57BL. 

We attribute the difference in the results of these two series of experiments to the better sensitization of 
the animals to strain-specific antigens in the second series, owing to the larger sensitizing dose of antigen and 
the exclusion of the effect of organ-specific antigens on the results of the reaction. 

Thus, as a result of these experiments, it has been established that the genetically different strains of mice 
C57BL and A differ qualitatively from one another in their antigenic properties as well. The tissues of inbred 
mice contain strain-specific antigens, which characterize the genetic homogeneity of each strain and demon- 
strate its qualitative difference from other strains. 

S U M M A R Y  

Antigenic strain-specific differences were shown in mice of two inbred strains (A and C57BL) by means of 
the anaphylaxis plus desensitization reaction on guinea pigs. Strain-specific antigens are present in various or- 
gans (kidneys, liver, spleen, skin) and in erythrocytes. They characterize the genetic antigenic uniformity of 
each inbred strain, and demonstrate its qualitative differences from the other ones .  The antigenic strain-speci- 
ficity of kidney and liver was more pronounced than that of the skin, spleen, and erythrocytes. 
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