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The functional ac t iv i ty  of B and T ce l l s  was invest igated during tumor  growth in mice.  During 
tumor  growth the abi l i ty  of the B and T ce i l s  to in te rac t  on immunizat ion  with s he e p ' s  red ce i l s  
was shown to be d is turbed.  B ce l l s  a re  affected sooner  than T ce i l s .  
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As a ru le ,  immunodepress ion  develops  in pat ients  with mal ignant  neop lasms  and in expe r imen ta l  an imals  
with tumors  [4, 7]. It has been sugges ted  that this phenomenon is due to the s y s t e m i c  action of the tumor  on 
the o rgan i sm [2]. 

In o r d e r  1Lo develop effect ive immune reac t ions  agains t  mos t  ( thymus-dependent)  ant igens in te rac t ion  
between the precursors of antibody-forming cells (B cells), derived from the bone marrow, and thymus-de- 

pendent (T cells) lymphocytes is necessary [ 8, 9]. It was shown previously that during tumor growth the im- 

mune response to the action of heterologous erythrocytes is depressed [3, 5]. 

In this investigation the ability of T and B lymphocytes to cooperate during immunization with sheep's 
red cells was studied in animals with developing tumors. 

EXPERIMENTAL METHOD 

Experiments were carried out on C57BL/6 mice into which cells of carcinoma Ca-755 were transplanted 

from syngenetic donors. 

To study the effect of cooperation of T and B ceils during the development of the immune response, 4-6 h 

after lethal irradiation (900 R) the recipientmice received an intravenous injection of bone marrow ceils in a 

dose of 1"107 (B cells) and lymph node cells in a dose of I'I0 e (T cells), obtained from tumor-bearing and intact 

mice, in different combinations. Bone marrow is known to contain only B cells, whereas the cell population of 

the lymph nodes consists mainly (65-70%) of T cells [8]. 

In some experiments the functional activity ofT and B cells was studied in the spleens of tumor-bearing 
mice. For this purpose, spleen cells (I.i0 ~) from tumor-bearing mice were injected either alone or togethe r 

with bone marrow cells (to study the functional activity of the splenic T cells) or with thymus cells of intact 
mice (to study the functional activity of the splenic B cells) into lethally irradiated recipients. In these 
experiments bone marrow cells (i .107) and thymus cells (4.107) were added in sufficient number so 

that, when injected together, the same number of antibody-forming cells (AFC) was produced in the recipients' 

spleens as in response to the injection of 1"107 spleen cells from intact mice. Sheep's red ceils, injected in a 

dose of 2"108 per mouse, were used as the antigen. On the eighth day after transplantation the number of AFC 
in the recipients' spleenswas eountedby Jerne's method [6]. The mice were irradiated in an absolutely lethal 
dose of 900 R onthe "Stebel'-3A" apparatus. 
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Fig .  1.  Abi l i ty  of B and T lymphocytes  of t u m o r - b e a r i n g  mice  to 
i n t e rac t  coope ra t ive ly  dur ing  immuniza t ion  with s he e p ' s  red  ce l l s  
at d i f ferent  t imes  a f te r  inoculat ion of c a r c i n o m a  Ca-755.  Ordinate ,  
number  of AFC in spleen;  a b s c i s s a ,  t ime af ter  inoculat ion of tumor  
(in days).  1) Intact bone m a r r o w  + lymph-node ce l l s  f rom tumor -  
bea r ing  mice;  2) intact  bone m a r r o w  + intact  lymphocytes ;  3) bone 
m a r r o w  f rom t u m o r - b e a r i n g  mice  + intact  lymphocytes .  Short  
ve r t i c a l  l ines  indicate  95% (P -< 0.05) confidence l imi t s .  

The r e s u l t s  were  subjec ted  to s t a t i s t i c a l  ana lys i s  with ca lcula t ion  of the s tandard  e r r o r  of the a r i t hme t i c  
mean and the confidence in te rva l  Ip with a p robab i l i ty  of 95~ (P -< 0.05). 

EXPERIMENTAL RESULTS 

As Fig. I shows, after combined injection of bone marrow (B cells) of intact mice and T cells obtained 
from tumor-bearing mice 7 days after inoculation with the tumor, approximately the same number of AFC was 
counted in the spleens of the syngeneticirradiatedC57BL/6 recipients as after transplantation of B and T cells 
f rom intact  a n i m a l s .  

However,  a f te r  t r ansp lan ta t ion  of intact  B ce l l s  with T ce l l s  obtained f rom donors  10 days af te r  inocula-  
tion with tumor  ce l l s ,  the number  of AFC formed in the r e c i p i e n t s '  sp leens  was 67-71~  l e s s  than the number  of 
AFC counted af te r  inject ion of B and T ce l l s  f rom intact  mice.  

After  in ject ion of a mix ture  of B ce l l s  f rom intact  mice  and T ce l l s  f rom mice bea r ing  a tumor  for  14 
days,  the number  of AEC accumula t ing  in the r e c i p i e n t s '  s p l e e n s w a s  60-67% l e s s  than af te r  t r ansp lan ta t ion  of 
B and T ce l l s  f rom intact  donors .  

Inves t iga t ion  of the functional ac t iv i ty  of the B c e i l s  showed that  they a r e  damaged e a r l i e r  than the 
T ce l l s  dur ing  induction of the tumor  p r o c e s s .  F o r  ins tance ,  7 days  af te r  t r ansp lan ta t ion  of the Ca-755 tumor  
the B c e l l s  of these  mice  coopera ted  much l e s s  r e a d i l y  with intact  T ce l l s  {Fig. 1). B ce l l s  obtained at l a t e r  
s tages  (10 and 14 days) a f te r  inoculat ion of the tumor  were  inhibited by a r a t h e r  g r e a t e r  degree .  However,  
the poss ib i l i t y  could not be ruled out that the d e c r e a s e  in coopera t ive  abi l i ty  of the bone mar row and lymph 
node c e l l s  of t u m o r - b e a r i n g  mice  was due to the more  intensive migra t ion  of B ce l l s  (from the bone marrow) 
and T ce l l s  (from the lymph nodes) into the spleen,  for in tensif ied mig ra t ion  of hematopoie t ic  s tem ce l l s  f rom 
the bone m a r r o w  is observed  during tumor  growth [ 1]. F o r  this purpose ,  the functional ac t iv i ty  of the T and 
B ce l l s  of the spleen of the t u m o r - b e a r i n g  mice  was studied.  

As Table 1 shows, t r ansp lan ta t ion  of spleen ce l l s  in a dose of 1-107 f rom t u m o r - b e a r i n g  mice on the 7th 
and 10th" days  af te r  inoculat ion of the tumor  ce l l s  led to the format ion  of only one third as many AFC in the 
r e c i p i e n t s '  sp leens  as  a f t e r  inject ion of spleen ce l l s  f rom intact  mice.  On the addit ion of intact  bone m a r r o w  
(1"107) to the sp leen  ce l l s  f rom mice  bea r ing  tumors  for  7 days,  app rox ima te ly  the same  number  of AFCs  ac -  
cumulated in the r e c i p i e n t s '  sp leens  as  a f t e r t r a n s p l a n t a t i o n  of spleen ce l l s  f rom intact  mice.  Meanwhile,  the 
addition of bone rharrow ce l l s  to spleen ce l l s  taken f rom t u m o r - b e a r i n g  mice  on the 10th day a f te r  inoculat ion 
of the tumor  did not cause  any s ign i f ican t  i n c r e a s e  in the number  of AFC in the sp leens  of the le tha l ly  i r r a d i a t e d  
r ec ip i en t s .  

The absence  of effect  of addit ion of bone m a r r o w  ce i l s  to sp leen  c e i l s  of mice  10 days  a f t e r  inoculat ion 
with tumor  ce i l s  was evidently connected with d i s tu rbance  of the abi l i ty  of the sp lenic  T c e l l s  to i n t e r ac t  with 
B ce l l s  during the development  of the immune r e sponse  to s he e p ' s  red ce i l s .  

Addit ion of thymus ce l l s  to spleen ce l l s  obtained f rom t u m o r - b e a r i n g  mice  on the 7th and a l so  on the 
10th day a f t e r  inoculat ion of the t umor  had no s igni f icant  effect .  
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T A B L E  1. N u m b e r  of AFC in Sp leens  of 
L e t h a l l y  I r r a d i a t e d  R e c i p i e n t s  a f t e r  T r a n s -  
p l a n t a t i o n  of Spleen  C e l l s  f r o m  T u m o r -  
B e a r i n g  C 5 7 B L / 6  Mice  A l o n e  o r  T o g e t h e r  
with Bone M a r r o w  o r  T h y m u s  C e i l s  

Number of cells injected 
(in millions ) 

! L r 
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I o ~  ~a o 

Number [Number hi 

lO 
10* 

i; 
10" 10 
10" 

76 
1o1" 

- -  I 2  

- -  6 

- -  5 

- -  7 

40 7 
40 15 
- -  8 

40 6 
- -  7 

40 

2062• 
670___320 
600_+71,6 
132__+35,1 

137,8• 
1882• 
2003• 

722,5• 154,4 
858• 
72O• 

*Spleen  c e l l s  ob ta ined  7 days  a f t e r  i n o c u l a -  
t ion with  Ca -755 .  
r  c e l l s  ob ta ined  10 days  a f t e r  i n o c u -  

l a t i on  with  Ca -755 .  

The  r e s u l t s  d e s c r i b e d  above  thus  i n d i c a t e  that  d a m a g e  to B and T c e l l s  p a r t i c i p a t i n g  in the d e v e l o p m e n t  
of the h u m o r a l  i m m u n e  r e a c t i o n s  t a k e s  p l a c e  d u r i n g  t u m o r  g rowth ,  a n d  the B c e l l s  a r e  d a m a g e d  b e f o r e  the T 
c e l l s .  

It can  a c c o r d i n g l y  be conc luded  that  a func t iona l  change  in the a c t i v i t y  of the T and B c e l l s  p a r t i c i p a t i n g  
in the d e v e l o p m e n t  of h u m o r a l  i m m u n e  r e a c t i o n s  m a y  be one of the f a c t o r s  in the i m m u n o d e p r e s s i o n  d e v e l o p i n g  
in t u m o r - b e a r i n g  a n i m a l s .  Such a d i s t u r b a n c e  of h u m o r a l  i m m u n i t y  is  e v i d e n t l y  a r e f l e c t i o n  of the s y s t e m i c  
ac t i on  of the t u m o r  on the hos t .  

The  a u t h o r s  a r e  g r a t e f u l  to C o r r e s p o n d i n g  M e m b e r  of the A c a d e m y  of M e d i c a l  S c i e n c e s  of the USSR 
P r o f e s s o r  V. S. Shapot  fo r  he lp  wi th  the i n v e s t i g a t i o n .  
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