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Immuniza t ion  of CC57BR mice  to le ran t  to Candida albicans antigens and to r e l a t ed  C3H mouse  
t ransplan ta t ion  antigens and to group A (type I) Streptococcus containing antigens c r o s s - r e a c t -  
ing with the donor ' s  t i s sues  pa r t i a l ly  abol ished to le rance  to C3H mouse  a l l , an t igens .  This was 
mani fes ted  as shor tening of the su rv iva l  of skin a l l . g r a f t s  and an i nc rea se  in the ra te  of e l imina-  
t ior /of  5~Cr-labeled donor ' s  lymphocytes  f r o m  the lymph nodes and spleen.  The immune r e s -  
ponse to C. a lbicans antigens was not r e s to r ed .  
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The p r e s e n c  e of antigens re la ted  to t i s sue  antigens in m i c r o o r g a n i s m s  ~Streptoeoccus, Candida atbicans) 
sugges ts  that  they play a role  in the induction of some  pathological  p r o c e s s e s  in subjec ts  sens i t i zed  by them 
[l,2,51o A lesion may  a r i s e  in the t i s sues  under these  c i r c u m s t a n c e s  through the abolition of immunologica l  
to l e rance  to the h o s t ' s  r e la ted  autoantigens by c r o s s - r e a c t i n g  mic rob ia l  antigens [2]. 

The poss ib i l i ty  of aboli t ion of a r t i f ic ia l ly  c r ea t ed  immunologica l  to le rance  to cer ta in  s e r u m  prote in  
antigens by immuniza t ion  with re la ted  antigens has been demons t ra ted  by Weigle [6]. However ,  the re  is no 
expe r imen ta l  evidence to conf i rm that  to l e rance  to t i s sue  antigens can be abol ished by c r o s s - r e a c t i n g  m i c r o -  
bial  ant igens.  

In this invest igat ion a mode l  of to le rance  to mouse  t ransplanta t ion  antigens induced ar t i f ic ia l ly  by c r o s s -  
reac t ing  antigens of Candida albicans was used to inves t iga te  the poss ib i l i ty  of its abolit ion by injection of 
c r o s s - r e a c t i n g  antigens f rom another  mic rob ia l  spec ies  (s t reptococcus) .  

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

Exper imen t s  were  c a r r i e d  out on CC57BR (H-2~ rec ip ient  mice  and C3H (H-2 k) donor mice .  Killed 
vacc ines  of C. a lbicans and group A Streptococcus  (type I) and a lso  vaccine of Escher i ch ia  coli not containing 
c r o s s - r e a c t i n g  antigens~ were  used as mic rob ia l  antigens containing antigens re la ted  to mouse  t i s sues .  T o l e r -  
ance to C~ albicans and to the re la ted  C3H mouse  t ransplanta t ion  antigens was produced in CC57BR mice  by 
inject ion of the vaccine  in a dose of 10 l~ mic rob i a l  cel ls  p e r  in jected i n t r amuscu l a r l y  in th ree  doses  during the 
f i r s t  3 days a f t e r  b i r th  and on three  fu r the r  occas ions  subsequently at weekly in te rva l s .  After  1 month to le rance  
to C. a lbicans antigen and to c r o s s - r e a c t i n g  t ransplanta t ion  antigen was de te rmined  in the CC57BR mice :  1) 
by the absence  of antibody format ion  a f t e r  t r ip le  immunizat ion  of the mice  with Co albicans;  2) by the i nc rea se  
in surv iva l  of a l l , g r a f t s  of C3H mouse  skin; 3) by the ra te  of el iminat ion of 51Cr-tabeled C. a lbicans cel ls  and 
C3H mouse  lymphocytes  f rom the mice .  

In the expe r imen t s  to study abolit ion of immunologica l  to le rance  in animais~ exper imen ta l  and control  
CC57BR mice  of the s a m e  age were  immunized  with 10 l~ cel ls  of C... a lb icans ,  St reptococcus ,  and E. coli ,  by 
inject ing them in 0.3 ml  F reund ' s  incomplete  adjuvant e i ther  once subcutaneously or  th ree  t imes  i n t r a m u s c -  
u la r ly  at  in te rva l s  of 5 days.  Four teen days a f t e r  immuniza t ion  of the CC57BR mice  skin g ra f t s  were  t r a n s -  
planted f r o m  C3H mice  and the length of the i r  surv iva l  was noted, o r  5 �9 106 C3H mouse  lymphocytes  containing 
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Fig. i. Distribution of radioactivity in mesenteric lymph 
nodes and spleen of tolerant and nontolerant CC57BR mice 

immunized with microb ia l  antigens af ter  injection of ~l Cr-  
labeled C3H mouse lymphocytes and C. albicans cells.  
Unshaded and black columns show levels of radioactivity 
of radioactivity in lymph nodes af ter  injection of labeled 
lymphocytes and C. albicans cells respectively;  c r o s s -  
hatched and obliquely shaded columns show levels of 
radioactivity in spleen after  injection of labeled lympho- 
cytes and C, albicans cells respectively, i) Mice im- 
munized with Streptococcus,  2) with Streptococcus and 
C. albicans, 3) with C. albicans,  4) unimmunized mice.  
Ordinate, level of radioactivity (x 103 counts/min)~ 

transplantat ion antigens or  109 C. albicans cells labeled with 5tCr [3] were injected intravenously,  and the quan- 
tity of radioactive label in the spleen and mesen te r ic  lymph nodes was determined 24 h later  by Bainbridge 's  
method [4]. Each experimental  and control group for  the experiments  with the transplantation test  contained 
at least 20 mice.  To study the distribution of radioactive label the organs for  investigation were obtained in- 
dividually f rom five mice of each group. Some of the immunized mice were killed at this period to obtain 
serum.  Antibodies against microbial  antigens were determined in the microbia l  agglutination reaction with 
heat-ki l led cells of C__ z albicans~ group A (type I) Streptococcus,  and E. coll. Antibodies against C3H mouse 
antigens were revealed by the saline leuko- and hemagglutination tes ts .  Eight samples of s e ra  (each sample 
being a mixture of se ra  f rom three mice) of the experimental  and control groups were investigated. 

EXPERIMENTAL RESULTS 

Six injections of C. albieans vaccine into CC57BR mice starting within a few days of birth induced a state 

of immunological tolerance in the animals both to the microbial antigen injected and also to related tissue 

antigens of C3H mice. The formation of agglutinins against C. albieans in response to subsequent triple im- 

munization with C. albicans vaccine was inhibited in the tolerant mice. The survival of skin allografts in the 

tolerant recipients was lengthened to 47.6• days (P < 0.001) compared with 9.6 4-0.8 days in the control. 
In CC57BR mice tolerant to C. albieans antigens, 51Cr-labeled C. albicans cells and C3H mouse lymphocytes 

injected were eliminated 2-5 times more slowly from the spleen and lymph nodes (P < 0.001) than from intact 
animals (Fig. i). The specificity of the resulting tolerance was confirmed by preservation of the normal 
immune response to triple intraperitoneal injection of E. coli vaccine or a single intravenous injection of 
5.108 sheep's red cells. 

If CC57BR mice tolerant to C. albicans Were immunized by three intraperitoneal injections of Streptoc- 
occus, antibodies against Streptoeoocusappeared in a tiber of 1:64-1:128, and also against red cells and lym- 
phoeytes of C3H mice in titers of 1:4-1:8, just as after immunization of nontolerant mice. No antibodies against 

C. albicans were found. On subsequent triple immunization of these mice 20 days later with C. albicans no 
antibodies against C__..albicans and C3H mouse tissue antigens could be found. Conversely, in the control group 

of nontolerant mice immunized in the same way, antibodies against C. albicans were found in titers of 1:64- 
i :128, against Streptococcus in titers of 1:8-i :16, and against C3H mouse red cells and lymphocytes in titers 
of 1:16-1:32. In the case of triple immunization of tolerant mice with E. coli vaccine antibodies against E. coli 
antigens only were detected in the serum. Subsequent triple immunization of tolerant animals of this group 
with C. albicans likewise did not lead to the appearance of antibodies in the serum against antigens of C. albicaas 

or C3H mouse red cells and lymphocytes. 
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A single subcutaneous immunization of to lerant  CC57BR mice with C. albicans had no significant effect 
on the survival  of skin graf ts .  If s t reptococcal  vaccine was injected into the tolerant  mice ,  the survival  per iod 
of the al tografts  was reduced in these mice  compared  with unimmunized tolerant  animals (down to 13.1:~0.6 
days; P < 0.001). The per iod of survival  of al lografts  in these mice still remained shortened 20 days af ter  a 
single immunization with C. albicanso In the nontolerant mice a single subcutaneous immunization with both 
Streptococcus and C. albicans shortened the survival  of the skin at lografts  to between 6~177 0.5 and 6.3* 0.5 days 
f rom 9.6• days in the control  (P < 0.00!}. A s imi lar  decrease  in the survival  of skin al lografts  in non- 
to lerant  mice  also was d iscovered after  immunizat ion of the mice with Streptococcus and C. albicans 20 days 
la ter .  Immunizat ion of to lerant  and intact  mice  with E. eoli vaccine did not affect the survival  per iod of the 
skin al lograf ts .  

Simultaneous subcutaneous immunization of tolerant  mice with C. albicans,  unlike immunization of the 
nontolerant  mice ,  did not acce lera te  the elimination of labeled lymphocytes and of C. albicans cells f rom the 
lymphoid organs (Fig. 1). After  a single injection of Streptococcus into the tolerant  animals the elimination 
of labeled lymphocytes only was acce le ra ted  (compared with the group of nonimmunized tolerant  animals) f rom 
the lymph nodes, just as in the case of a single immunization of the mice with C. albicans 20 days later  (Fig. 1). 
Under these c i rcumstances  the rate of elimination of the labeled lymphocytes was much slower than f rom non- 
tolerant  mice immunized in the same way, and it was close to the rate of elimination of the lymphocytes f rom 
intact mice.  In the case of single immunization of the nontolerant mice with Streptococcus elimination of labeled 
lymphocytes only, and not of C. albicans,  f rom the lymph nodes and spleen was intensified (compared with 
intact mice;  Fig. 1). Immunization of the mice with E. coli vaccine did not change the rate of elimination of 
labeled C. albicans cells and C3H mouse lymphocytes f rom the tolerant  or  nontolerant mice.  

These resul ts  show that tolerance to transplantat ion antigens of C3H mice  produced in CC57BR mice  in 
response to injection of C. albicans vaccine containing antigens related to transplantation antigens can be 
partially abolished by immunization with group A Streptococcus. In mice with partially abolished tolerance 
the length of survival of skin allografts andthe rate of elimination of labeled allogeneie lymphocytes from the 
body were similar to the response observed in intact animals. The abolition of tolerance which the observed 
was connected with the specificity of the cross-reacting streptococcal antigens. Immunization with E. coli 
vaccine, not containing antigens related to tissue antigens, had no effect on the transplantation reactions in 
tolerant animals. 

Investigation of serological reactions in tolerant mice after immunization with Streptococcus showed 
that tolerance to C. albicans antigens was not abolished (at least, to noncross-reacting antigens), for no immune 
response to the injected antigen was obtained during subsequent immunization with Co albieans. This was 
shown by the low rate of elimination of labeled C. albieans cells from the tolerant mice after their immuniza- 
tion with Streptococcus. 

It can be concluded from the facts described above that immunization of mice tolerant toward C. albicans 
and related transplantation antigens with Streptococcus partially abolishes tolerance to transplantation antigens 
but not to antigens of C. albicanso However, the possibility cannot be ruled out that the abolition of tolerance to 
transplantation antigens observed after immunization with Streptococcus in the effect of summation of two co- 
existing states: i) tolerance to transplantation antigens related to C. albieans and 2) sensitization arising to 

other alloantigens not related to C. albicans and cross-reacting with Streptococcus. 
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