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Exper imen t s  on BALB/e  mice  showed a p r o g r e s s i v e  dec rea se  not only in the n u m b e r  of 
an t ibody- forming  ce l l s ,  but also in the number  of an t igen- reac t ing  cel ls ,  the preceding  
s tage of antibody fo rmat ion ,  during chemica l  ca rc inogenes i s  induced by a single in jec -  
tion of methylcholan threne .  The number  of an t ibody- forming  cells  in the spleen of the 
BALB/c  mice  fall  by 6-6.5 t imes  and the number  of ant igen-reac t ive  cel ls  by 3-4 t imes  
during the development  of methylcholanthrene  s a r c o m a .  

Exper imen t s  have shown a dec r ea s e  in the number  of an t ibody-forming  cel ls  (AFCs), detected by the 
method of local  hemolys i s  in gel [9], during chemica l  carc inogenes is  induced by var ious  po lycyc l ic  hydro-  
ca rbons .  

One of us  (L. V. Yakimenko [3]) has  shown that  the dec r ea se  in the  number  of AFCs in BALB/c  mice  during 
methylcholan threne- indueed  carc inogenes i s  is m o s t  ma rked  in the p r e t u m o r  per iod (3 months a f t e r  in jec-  
tion of methylcholanthrene)  and during development  of the b las toma .  

The d e c r e a s e  in the num ber  of AFCs  in the spleen of the exper imenta l  mice  could be the r e su l t  of 
d i rec t  damage  to the AFCs  or  damage  t o t h e i r  p r e c u r s o r s .  Support fo r  the second view is given by e a r l i e r  
observa t ions  [1-3]. 

F o r  ins tance,  whereas  the number  of nucleated cells in the spleen in BALB/c mice  1 month a f t e r  
injection of methyIcholanthrene  was reduced by only 23%, the number  of AFCs detectable  on the 4th day 
a f t e r  immunizat ion  with 5 • 107 sheep ' s  red cel ls  in t raper i tonea l ly  was reduced by 55%. During the develop-  
ment  of methylcholan threne- induced  s a r c o m a  the number  of nucleated cells  in the spleen during this per iod 
was reduced  by only 10% com pared  with the i r  number  in the spleen of control  an imals  of the s a m e  age 
group, whereas  the number  of AFCs was reduced by 6.5 t imes .  

Much evidence has now been obtained to show that  in te rac t ion  (cooperation) between three  cell s y s t e m s  
is n e c e s s a r y  for  the immune response  to take place:  bes ides  the macrophages ,  providing the antigenic 
s t imulus ,  and the an t ibody- forming  cel ls  synthes iz ing immunoglobulins ,  a fu r ther  group of cel ls  mus t  a lso  
par t i c ipa te  - the an t igen- recogniz ing  and an t igen- reac t ive  cel ls  (ARCs). These  cel ls  s t imula te  the undif fer -  
ent iated p r e c u r s o r s  of the AFCs,  which a r i s e  f rom the bone m a r r o w  and cannot t hemse lves  reac t  to the 
antigen, to rece ive  the ant igenic s t imulus and to different ia te  into ma tu r e  p l a sma  cel ls ,  capable  of p roduc-  
ing speci f ic  immunoglobul ins  [10-15]. 

On the bas is  of the invest igat ions of Groves  et a l .  [6], Mitchell and Mi l le r  [12], and Shea re r  and 
Gudkowicz [13, 15], showing tha tAFC fo rmat ion  takes place as the r e su l t  of in terac t ion  between the AFC 
p r e c u r s o r s  and ARCs,  and that  the n u m b e r  of AFCs  is d i rec t ly  dependent on the ra t io  between the nu mb er  
of AFC p r e c u r s o r s  and the number  of ARCs,  it was postula ted that a dec rea se  in the number  of AFCs in 
the spleen of BALB/e  mice  during the development  of b Ia s tomas  induced by methylcholanthrene  would be 
accompanied  by a dec r ea s e  in the number  of ARCs.  
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TABLE I. Antigen-Reactive Ceils in Spleen of BALB/c Mice during 
Development of Tumor Induced by Methylcholanthrene (M'm) 

Group of 
animals 

Intact (control) 
Experimental 

Weight 
~.~ of 

spleen 
~'~ (in mg) Z 

11 2104-29  

12 421 ,2--+53 
<O,Ot 

Number of nucleated 
Number of ARCs spleen cells 

in entire per nag m 5 x 106 1, . . . .  ~-~lDer ma 
weight of ,pleen ~ weiuht ( 

organ spleen cells [ organ spleen 

874,3  4.114"10 e 2,  124"0,16.10 e 4,044.0,52 613,44.103 1,64~0,27 
< 0 , 0 5  < 0 , 0 5  < 0 , 0 0 1  < 0 , 0 5  < 0 , 0 0 1  

It was accordingly decided to study the ARC population in the spleen of mice with a methylcholan- 
threne- induced sa rcoma .  

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

Experiments  were ca r r i ed  out on 12 BALB/c mice in which a s a r coma  was induced at the age of 1.5 
months by methylcholanthrene.  Tumors  developed in the animals af ter  3.5-6 months.  Eleven intact BALB/c  
mice of the same age as the experimental  animals acted as the control .  The experimental  and control mice  
were used as donors in the quantitative study of the ARCs by the method of Kennedy et al. [10]. The r e -  
cipients were  46 BALB/c  mice aged 4-5 months:  2 recipient  mice to each donor. These mice  were exposed 
to whole-body ~- ray  radiation in a dose of  700 R ("Focus" apparatus) .  With this dose the recipient  mice 
los t  their  ability to r e spondby  antibody production to the injection of sheep red  cel ls .  The absence of an 
immunologic react ion of the recipient  mice was verif ied by J e rne ' s  d i rect  test  with the spleen cells of 
i r rad ia ted  mice immunized with sheep red  ce l ls .  A suspension containing 5x106 spleen ceils of isologous 
donor mice and lXl08 thoroughly washed sheep  red  cel ls ,  suspended in 0.5 rnl Hanks' solution, was in- 
jected intrave~:tously into the inactive recipient  mice  1 h af ter  i r radiat ion.  The recipient  mice were killed 
4 days la te r  and thei r  spleens were removed and quickly frozen,  af ter  which longitudinal ser ial  sections 
about 300 ~ in thickness were cut on a mic ro tome.  These sections were  thawed in Hanks' solution and ca re -  
fully mounted on a previously  prepared  agar  bed in Pet r i  dishes and then incubated for  1 h at  37 ~ C. Af te r  
the dishes had been dried, 2.5 ml guinea pig serum in a dilution of 1 : 2.5 was pouredonthe  surface ,  and the 
sect ions of the spleen were  carefully removed.  The dishes with complement  were again incubated for  1 h 
under the same conditions. Af ter  the end of incubation the number  of loci of hemolysis  were  counted. 
According to the recommendat ions  of Kennedy et al.  [10], the te rm foci of hemolysis  was applied to zones 
of hemolysis  about 0.5-1.0 mm in diameter .  If l a rge  a reas  of lysis  up to 3-4 mm in d iameter  are  found o n  

imprints  of ser ial  sections of the spleen, Kennedy at al. suggest  that they are  counted as two or  more  con- 
fluent hemolytic foci. In the presen t  investigations no areas  of hemolysis  l a rge r  than 2 mm in diameter  
were  found. These a reas  of lysis  were  a s se s sed  as two confluent hemolytic loci.  Foci  of hemolysis  the 
size of ord inary  plaques, detected by the local hemolys is  in gel method and consist ing of single AFCs 
separa ted  from a group, were d is regarded.  

A r m s t r o n g  and Diener [4, 5] showed that each focus of hemolysis  is a react ion of one ARC to antigenic 
stimulation, and for  that reason  the number  of foci of hemolysis  was taken as the number  of ARCs. 

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

The number  of ARCs fo r  every  5 x 106 nucIeated cells in the intact BALB/c mice was 11.9 • 0.91, and 
if expressed  per  mil l igram weight of the spleen, 7 .03"  1.09 (Table 1). The number of ARCs in BALB/c  
mice has not been studied previously  (according to the l i tera ture) ,  but in C57BL m i c e  Kennedy et al. [10] 
found 11.5 ARCs to 1• 107 nucleated spleen cells,  while Shearer  and Gudkowicz [13-15] give lower f igures - 
1 ARC to 3• thymocytes in C57BL mice and 1 ARC to 1• 107 thymocytes  in C3H mice.  

During the development of the induced tumor  in the BALB/c mice the number  of ARCs, calculated pe r  
5x 106 injected nucleated cells,  felI to 4.04, i.e, by 2.9 t imes (P < 0.001), and if expressed  per  mi l l igram 
weight of spleen, the number  fell to 1.64, i .e. ,  by 4.3 t imes (P < 0.001). 

The reason  why the number  of ARCs was expressed  pe r  mi l l igram weight of the organ was because 
during methylcholanthrene carcinogenesis  the weight of the spleen was increased  by twice o r  more ,  so that 
it is more  objective to express  the number  of ARCs pe r  mi l l igram weight of the organ.  
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During the development of an induced tumor in inbred mice a decrease was thus observed in the 
number of ARCs in the spleen of the experimental animals with the developing tumor. The number of AFCs, 
moreover ,  fell much more sharply (by up to 6-6 ~ times) [3] than the number of ARCs (by 3-4 times). The 
decrease in the number of AFCs during chemical carcinogenesis can be assumed to be the combined result  
of the depressant action of the carcinogen and of the developing tumor both on the AFC and on the preceding 
stage of antibody formation - the ARC. 

Blocking of the reticulo-endotheiiaI system by coIioidaI carbon considerably reduces both the number 
of AFCs and the number of ARCs [7] in the spleen of experimental mice. Meanwhile injection of adjuvants 
[8] leads to proIiferation of ARCs and a consequent intensification of antibody formation in response to the 
injection of antigen. 

Consequently, the ARCs are  among the most Iabile components of antibody formation, and are highly 
vulnerable in chemical carcinogenesis.  Damage to this stage of antibody formation during chemieaI car -  
cinogenesis leads to a decrease in the number of AFCs in the immunocompetent organs of mice with a 
developing tumor. 

These experiments thus showed that the number of antigen-reactive ceils in the spleen of BALB/e 
mice is reduced by 3-4 times during development of a methyleholanthrene-induced tumor. 
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