
A s s e s s m e n t  of the immunologic  act ivi ty  of lymph nodes regional  with r e spec t  to the tumor  is thus an 
impor tan t  s tage in the analys is  of the pa t i en t ' s  immunologic  s ta tus .  
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The intensi ty  of immuni ty  to tubercu los i s  and r e s i s t ance  to the d i sease  in the case  of infection 
with the v i ru lent  s t r a in  Mycobac te r ium tubercu los i s  H37Rv were  studied in a model of immuno-  
logic to le rance  induced in CBA mice  by inject ion of a l a rge  dose of BCG polyantigen and the i m -  
munodepres san t  cyclophosphamide.  Cel lu lar  immuni ty  to tuberculos is  (tested by the b l a s t -  
t r an s fo rma t i on  and tubercul in  skin tes ts )  was shown not to develop in to le ran t  an imals  a f t e r  
BCG vaccination,  and vaccinat ion had no p ro tec t ive  effect  under these c i r cums t ances  in the 
group of to le ran t  mice .  

KEY WORDS: immunologic  to le rance ;  immuni ty  to tubercu los i s .  

The study of the mechan i sms  of immunologic  to le rance  (areactivity)  as one f o r m  of immune response  
h a s b e e n t h e  subject  o f m u c h r e s e a r c h  I1-3, 7, 8]. This  phenomenon is known to have both a posi t ive  and a nega-  
t ive effect  on the course  of var ious  exper imen ta l  infections [4-6]. However,  it is not c l ea r  what is the role  of 
to le rance  in tubercu los i s .  

In this invest igat ion the effect  of induced to le rance  was studied on the c h a r a c t e r  of fo rmat ion  of immuni ty  
to tubercu los i s  a f t e r  BCG vaccinat ion and i ts  ro le  in r e s i s t a n c e  to infect ion with tubercu los i s .  

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

Exper imen t s  were  ca r r i ed  out on 615 male  CBA mice  weighing 16-18 g. To le rance  was induced by in t r a -  
pe r i tonea l  inject ion of a combined antigen obtained by dis in tegra t ing BCG vaccine in a ball  mil l  (in a dose of 
20 rag), followed a f t e r  48 h by in t raper i tonea l  injection of cyclophosphamide (CP) in a dose of 100 Ing/kg.  
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T A B L E  1. I n t e n s i t y  of R e a c t i o n s  of C e l l u l a r  and H u m o r a l  I m m u n i t y  in T o l e r a n t  and C o n t r o l  
A n i m a l s  a f t e r  V a c c i n a t i o n  and In fec t ion  (IVl �9 m) 

Group of 
animals 

1 month after vaccination 2 months after vaccination 
incorporation of thymi dine-SH, l t 

thousands of cpm results of lo antibod 
~ [ t u b e r c u I i n  tests [ �9 g 

" - ' flier 
(without (wrth PPD) Imm 
P PD ) 

1,2-+0,47 1,5-+0,31 
1,6___0,66 6,8-+0,53* 
1,7+0,83 3,7-+0,39* 
1,4_+0,78 4,0-+0,50* 

incorp, of thymidine-3H, 
thousands of cpm results of 

control experiment tuberculin 
PPD)(With~ (with PPD) rests, mm 

* D i f f e r e n c e  c o m p a r e d  with  v a l u e s  

0,11-+0,029 
0,36• 
0,28• 
0,30-+0,04* 

4,8___0,47 
8,6_+0,28* 
6,6+0,22* 
6,8-+0,48* 

O. 9• 
1,3-+0,48 
1,1--+0,49 
1,2-+0,72 

2,7• 
5,9-+0,48" 
4,5--+0,39* 
4,6• 

0,08___0,02 [ 7,2+0,33 
0,40+0,03" 8,8___0,59* 
0,33~0,04" 7,6_--4-0,53 
0,39• 7,5++_0,29 

fo r  a n i m a l s  of g r o u p  1 ( to le ran t )  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  

T A B L E  
ant  and 
f ec t i on  

2. Mean D u r a t i o n  of S u r v i v a l  of T o l e r -  
C o n t r o l  V a c c i n a t e d  A n i m a l s  a f t e r  In-  
(M • m) 

Group of 
animals 

Mean duration Significant Number of of survival of 
animals tested animals, 

days 

36 
35 
38 
36 
37 

23, !-~-0,42 
5~ ,2~0,28 
38,1+0,30 
42,2_0,25 
28.3+0,24 

P1-2 < 0,05 
P1-3 < 0,05 
P1-4 < 0,05 
P~_~< 0,05 

Legend .  In tac t  i n f ec t ed  a n i m a l s  c o n s t i t u t e d  
g r o u p  5. 

Al l  the a n i m a l s  r e c e i v i n g  BCG p o l y a n t i g e n  and C P  (group 1), t o g e t h e r  wi th  c o n t r o l s  (groups 2, 3, and 4), 
w e r e  v a c c i n a t e d  7 days  l a t e r  wi th  a m u s e u m  s t r a i n  of a l iv ing  c u l t u r e  of BCG s u b c u t a n e o u s l y  a t  s e v e r a l  po in t s  
in  a dose  of 1 rag.  A n i m a l s  r e c e i v i n g  BCG p o l y a n t i g e n  (group 2) o r  C P  (group 3) a lone ,  and i n t ac t  v a c c i n a t e d  
m i c e  (group 4) s e r v e d  as  the c o n t r o l .  

The  a n i m a l s  of a l l  g r o u p s  w e r e  i n f ec t ed  with a v i r u l e n t  s t r a i n  of M y c o b a e t e r i u m  t u b e r c u l o s i s  HaT Rv in a 
dose  of 0.05 m g  into the  cauda l  ve in  30 days  a f t e r  v a c c i n a t i o n .  

On the 30th day a f t e r  v a c c i n a t i o n  and 2 w e e k s  a f t e r  i n f ec t i on  the i n t e n s i t y  of i m m u n i t y  to t u b e r c u l o s i s  
was  s tud i ed  in the  a n i m a l s  of a l l  g r o u p s  by m e a n s  of the fo l lowing  t e s t s :  B l a s t - t r a n s f o r m a t i o n  of I y m p h o c y t e s ,  
the  d e l a y e d  sk in  t e s t ,  and a g g r e g a t e  agg lu t i na t i on .  In a l l  t e s t s  t u b e r c u l i n  (PPD) was  used  as  the  an t igen .  

The  i m m u n o l o g i c  t e s t s  w e r e  c a r r i e d  out  on 36 m i c e  a t  e ach  t i m e ,  wi th  12 m i c e  in each  g roup  in t h r e e  
s i m i l a r  e x p e r i m e n t s ;  a t  the s a m e  t i m e s  b lood w a s  t a k e n  fo r  s e t t i n g  up c o n t r o l  c u l t u r e s  (without PPD) f r o m  
18 m i c e  in  each  g roup  (six a n i m a l s  f r o m  each  e x p e r i m e n t  of the s a m e  Mnd).  Blood was  t aken  f r o m  e a e h m o u s e  
with  s t e r i l e  p r e c a u t i o n s  f r o m  the o r b i t a l  s i nus  in a v o l u m e  of 1 .1 -1 .2  ml .  Each  s a m p l e  t aken  fo r  the b l a s t -  
t r a n s f o r m a t i o n  t e s t  con ta ined  3 m l  whoIe  b lood  (1 m l  f r o m  e a c h  mouse ) .  F o r  the a g g r e g a t e - a g g l u t i n a t i o n  t e s t ,  
e a c h  s a m p l e  con t a ined  b lood f r o m  t h r e e  m i c e  - 0.6 m l  (0.2 m l  f r o m  each  m o u s e ) .  The b l a s t - t r a n s f o r m a t i o n  
t e s t  wi th  l y m p h o c y t e s  and the  c i r c u l a t i n g  an t ibody  t i t e r  w e r e  s t ud i e d  in 12 s a m p l e s  a t  e ach  t i m e  in a l l  g r o u p s .  

Blood  f o r  the  b l a s t - t r a n s f o r m a t i o n  t e s t  was  c o l l e c t e d  in t e s t  tubes  corr ta tning 25 uni ts  h e p a r t n / m l .  The  
b lood of e ach  s a m p l e ,  d i lu ted  1 : 2, was  l a y e r e d  on a so lu t i on  of F i e o l l  and U r o t r a s t  (dens i ty  1.077) and e e n t r i -  
fuged at  400g f o r  25-35 ra in .  The  l a y e r  of l y m p h o c y t e s  (a n a r r o w  r ing)  was  then  t r a n s f e r r e d  to c l e a n  tubes  
and w a s h e d  tw ice  in m e d i u m  No. 199 (1000 r p m  fo r  10 mtn) .  A f t e r  r e m o v a l  of the  s u p e r n a t a n t  the c e i l s  w e r e  
r e s u s p e n d e d  in m e d i u m  R P M I - 1 6 4 0  and t h e i r  t o t a l  n u m b e r  and the n u m b e r  of v i ab l e  c e l l s  ( s ta ined  w i t h t r y p a n  
blue)  counted;  on a v e r a g e  I x 10 G l y m p h o c y t e s  wi th  a v i a b i l i t y  of o v e r  80% w e r e  c o l l e c t e d  f r o m  each  m o u s e .  
A f t e r  count ing,  the  ce l l  s u s p e n s i o n  was  c u l t u r e d  in f l a s k s  con ta in ing  e m b y r o n i c  ca l f  s e r u m ,  g l u t a m i n e ,  HEPES,  
m e d i u m  R P M I - 1 6 4 0 ,  and a n t i b i o t i c s  fo r  6 days  wi th  P P D  (30 # g / m l )  o r  wi thout  i t  (contro l )  a t  37~ 

T h y m i d i n e - a H  (1/~Ci/ml)  was  added  to the f l a s k s  12 h b e f o r e  the  end of i ncuba t ion .  P u l s e s  w e r e  counted  
on the SVS-1 c o u n t e r .  

F o r  the  a g g r e g a t e - a g g l u t i n a t i o n  t e s t  b lood f r o m  t h r e e  m i c e  (0.2 m l  f r o m  each)  was  m i x e d  and s e r u m  
s e p a r a t e d .  An 8% c o n c e n t r a t i o n  of g r o u p  O(I) Rh e r y t h r o c y t e s ,  s t a b i l i z e d  and a c t i v a t e d  wi th  g l u t a r a l d e h y d e ,  
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was used for  the tes t .  The e r thy rocy te  suspension was sens i t ized  with tubercul in  P P D - L  as antigen (4 rag /  
ml e ry th rocy tes ) .  The s e r a  for  tes t ing were  inactivated,  a f t e r  which se r i a l  dilutions of the s e r a  were  p~'e- 
pared,  and sensi t ized e ry th rocy te s  were  added to each.  The reac t ion  was read  f i r s t  a f te r  2 h and finally a f t e r  
24 h. 

Pa ra l l e l  with the b l a s t - t r a n s f o r m a t i o n  and aggrega te -agg lu t ina t ion  tes t s ,  the intensi ty of the skin r e a c -  
tion to tubercul in  was studied. Under  superf ic ia l  e ther  anes thes ia  0.05 ml  of Koch 's  old tubercul in  in a dilu- 
tion of 1 �9 10 was injected into a footpad of the mice ,  and physiological  sal ine (react ion control) was injected 
into the footpad of a second l imb.  The th ickness  of the pads was measu red  before  and 24 h a f t e r  injection of 
the antigen. 

The pro tec t ive  effect  of vaccinat ion was a s s e s s e d  f r o m  the mean  duration of surv iva l  of the t es t  groups 
a f t e r  infection. 

The numer ica l  r e su l t s  were  subjected to s ta t i s t ica l  analys is  by Student 's  t - t e s t .  

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

Values ref lec t ing the intensi ty of ce l lu lar  and humora l  immuni ty  a f t e r  vaccinat ion and subsequent  infec-  
tion of the to l e ran t  and control  an imals  a r e  given in Table  1. 

In the rTexperimental" group reac t ions  of ce l lu la r  immuni ty  to injection of BCG vaccine did not develop 
and humora l  immuni ty  was l e s s  m a rked  than in the control  group of intact  vaccinated an imals .  React ions of 
ce l lu la r  and humora l  immuni ty  in the control  groups  were  well marked .  

The reac t ions  of ce l lu la r  and humora l  immuni ty  stil l  pe r s i s t ed  2 weeks a f t e r  infection in the an imals  of 
the control  g roups .  In the group of to le ran t  an imals ,  despi te  the p r e s e n c e  of humora l  immuni ty  (a high t i t e r  
of speci f ic  hemagglut inins) ,  r eac t ions  of ce l lu lar  immuni ty  to the specif ic  antigen were  absent .  

The durat ion of su rv iva l  a f t e r  infection (Table 2) was much s h o r t e r  for  to le ran t  an imals  than for  mice  
of the control  groups (including the group of an imals  which were  infected without p r e l i m i n a r y  vaccination).  

It can be concluded f r o m  these r e su l t s  that an induced s ta te .of  to le rance  to BCG polyantigen prevents  
the fo rmat ion  of immuni ty  to tuberculos is  during BCG vaccinat ion and reduces  the r e s i s t a n c e  of the animal  
to infection with tubercu los i s .  
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