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The effect of se rum components on manifestat ion of the cel lular  react ions of immunity dur -  
ing chemical  carc inogenes is  was investigated by studying inhibition of migra t ion of peri toneal  
macrophages  from the capi l lar ies .  The level of inhibition of migrat ion of the macrophages  
was higher and inhibition was observed  in a l a rge r  percentage of cases  when macrophages  
were cultured on autologous serum of animals with induced tumors  than when normal  se ra  
were added to this test  sys tem.  In cases  in which the ability of the maerophages  to migra te  
was increased,  the serum of normal animals faci l i tated this phenomenon more  than the serum 
of ra ts  with induced carc inogenes is .  The cel lular  react ions of immunity were sharply r e -  
duced at the 6th month of carc inogenes is  r egard less  of the action of se rum factors .  

KEY WORDS: peri toneal  macrophages ;  induced tumors ;  migra t ion  of macrophages ;  chemical  
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The role of se rum factors  in the manifestat ion of the cel lular  react ions of immunity to malignant 
neoplasm is of great  interest .  Investigations have shown that se rum components prevent  the harmful  ac -  
tion of cells of the immunocompetent  sys tem on the tumor  [2, 3, 5-8]; whereas other  workers  have noted 
the inconstancy of this phenomenon [9-11, 13-15]. 

Inhibition of migra t ion of macrophages  from the capi l lar ies  provides the basis for an interest ing 
tes t  for  simulating and observing interact ion between the humoral  and ce l lu lar  factors  of immunity in ex-  
per iments  in vi tro.  

By the use of this tes t  the wr i t e r s  were able to study the cel lular  reactions of immunity and to ex-  
amine the effect of autologous se ra  on the i r  manifestat ion during chemical  carc inogenes is .  

EXPERIMENTAL METHOD 

Tumor  formation was induced in Wis tar  ra ts  by in t ramuscula r  injection of 3 mg of the carc inogen 
DMBA in 0.5 ml peach oil. Observat ions  on tumor  development were ca r r i ed  out for 6 months,  and in the 
course  of each month no fewer than 12-] 5 exper imental  animals and the same number  of controls  were 
tested.  

Cells of the peri toneal  exudate were obtained 48 h af ter  injection of 10 ml of 10% Difco peptone into 
a rat .  The peri toneal  exudate cells of normal  animals acted as the control .  All p rocedures  with m a c r o -  
phages were ca r r i ed  out in an ice bath, using equipment t rea ted  with "Siliclad" (Clay-Adams Inc., New 
York).  After  washing with Eagle ' s  medium with the addition of antibiotics (penicillin 100 uni t s /ml ,  s t r ep -  
tomycin 100 pg/ml)  the cells were resuspended in medium No. 199 and counted. The optimal c o n c e n t r a -  
tion was 60 �9 106 c e l l s / m l .  The suspension contained from 15 to 20%of lymphocytes,  sufficient to produce 
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Fig. 1. Zone of migra t ion  of m a c r o p h a g e s  
f rom no rma l  ra t  and ra t  with chemica l  c a r -  
c inogenesis :  a) n o r m a l  ra t ;  cul ture  in the 
p r e sence  of n o r m a l  s e r u m  and antigen; b) r a t  
with chemica l ly  induced s a r c o m a ;  cul ture  in 
the p r e sence  of antigen f rom t u m o r  and auto-  
logous s e r u m .  
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Fig. 2. Effect  of s e r u m  components  on inhibi-  
t ion of mig ra t ion  of m a c r o p h a g e s  dur ing c h e m -  
ical  ca rc inogenes i s :  1) predominat ion  of in-  
hibition of m a c r o p h a g e s  grown on n o r m a l  s e r u m ;  
2) p redominance  of inhibition of mig ra t ion  of 
m a c r o p h a g e s  grown on autologous s e r u m ;  3) 
i nc reased  mig ra t ion  of m a c r o p h a g e s  grown on 
autologous s e r u m ;  4) i n c r e a s e d  migra t ion  of 
m a c r o p h a g e s  grown on n o r m a l  s e r u m .  Ab-  
s c i s sa ,  pe r iod  of ca r c inogenes i s  (in months) ;  
ordinate ,  pe rcen tage  mig ra t ion  of m a c r o p h a g e s .  

the f ac to r  inhibiting migra t ion  of the macrophages ,  
for  accord ing  to David [4] a lymphocyte concen-  
t r a t ion  of 2.5%was enough to sa t i s fy  this  r e q u i r e -  
ment .  

Capillary tubes 0.65 mm in diameter and 7 
cm long were filled with the resulting suspension, 
sealed at the free end, and centrifuged at 800 rpm 
for 2 min. The capillary tubes were then cut at 
the line separating the supernatant from the sedi- 
mented peritoneal cells and secured to the bottom 
of a receiver into which medium No. 199 with 
ant ibiot ics  and containing 15% autologous r a t  s e rum, ,  
obtained on the day of the expe r imen t  before r e -  
mova l  of the per i tonea l  exudate,  was poured.  The 
antigen cons i s ted  of tw ice -washed  cel ls  of an autol-  
ogous t u m o r  and the control  of no rma l  t i s sue  ce l l s .  
T h e i r  number  in the cul ture med ium was not l e s s  
than 10% of the number  of m a e r o p h a g e s .  Because  
of the cons iderab le  va r iab i l i ty  of the indices each  
t e s t  was repea ted  8 t i m e s .  Af te r  incubation for  
24 h the zone of migra t ion  was m e a s u r e d  plani -  
m e t r i c a l l y  and the percen tage  migra t ion  of the 
m a c r o p h a g e s  ca lcula ted  as the quotient of the 
mig ra t i on  index in the expe r imen ta l  s e r i e s  divided 
by that  in the control ,  mult ipl ied by 100. Inhibition 
of mig ra t ion  of the m a c r o p h a g e s  was deemed to 
be p r e sen t  if  this pe rcen tage  was below a 100, 
whe r e a s  value s above a 100~ denoted i nc rea sed  ab i l -  
ity of the mac rophages  to m ig ra t e .  The s t a t i s -  
t i ca l  ana lys i s  of the resu l t s  was c a r r i e d  out by 
Student 's  method.  

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

The f i r s t  obse rva t ion  to be made was that 
autologous antigens of chemica l ly  induced s a r c o m a s  
had a sens i t iz ing  action s t rong  enough to evoke a 
r e sponse  of ce l lu l a r  immuni ty .  The zone of m i -  
gra t ion  of m a c r o p h a g e s  obtained f rom a no rma l  
ra t  and grown in the p re sence  of n o r m a l  antigen 
and no rma l  s e r u m  is  c o m p a r e d  with the zone of 
migra t ion  of m a c r o p h a s e s  taken f rom a ra t  at the 
4th month of ca rc inogenes i s ,  with the addition of 
autologous t u m o r  cel ls  and autologous s e r u m ,  in 
Fig. l a  and b. The zone of migra t ion  in the control  
was s ta t i s t i ca l ly  s ignif icant ly l a r g e r  than the zone 
of migra t ion  of the m a c r o p h a g e s  in the e x p e r i -  
men ta l  s e r i e s ,  which was cons iderably  inhibited, 
in a g r e e m e n t  with the r e su l t s  of e a r l i e r  inves t i -  
gations [1]. 

Data on the c h a r a c t e r  of act ion of the s e r u m  fac to r s  in inhibition of migra t ion  of the mac rophages  
at d i f ferent  s tages  of  chemica l  ca rc inogenes i s  a re  s u m m a r i z e d  in Fig. 2. 

Two t e s t  s y s t e m s  were  compared .  The f i r s t  cons is ted  of the ra t io  between the migra t ion  act ivi ty of 
m a c r o p h a g e s  obtained f rom a ra t  at a ce r t a in  per iod of ca rc inogenes i s  and cul tured with autologous t u m o r  
ce l l s  and with autologous s e r u m  taken on the day of the expe r imen t ,  and the migra t ion  of m a c r o p h a g e s  of 
a cont ro l  r a t  in the p r e sence  of n o r m a l  antigen and n o r m a l  s e r u m .  In the second t e s t  s y s t e m  all  the c o m -  
ponents  of the ra t io  were  the s a m e ,  except  that  m a c r o p h a g e s  of this  expe r imen ta l  ra t  were  cul tured on 
n o r m a l  s e r u m .  
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It will be c l e a r  f r o m  Fig. 2 that  the migra t ion  ac t iv i ty  of the m a c r o p h a g e s  during p r o g r e s s i v e  growth 
of the t u m o r  depended not only on the per iod  of ca rc inogenes i s ,  but also on the p r e sence  of the s e r u m  c o m -  
ponents that  pa r t i c ipa ted  in the e x p e r i m e n t s  in v i t ro .  

In the case  in which cul ture  of m a c r o p h a g e s  f rom ra t s  with induced ca rc inogenes i s  was c a r r i e d  out 
on autologous t u m o r  s e r u m ,  the level  of inhibition of migra t ion  of the m a c r o p h a g e s  was h igher  than in e x -  
p e r i m e n t s  in which n o r m a l  s e r u m  was added to this  same s y s t e m .  

S imi la r  r e su l t s  were  obtained when the e x p e r i m e n t s  re f l ec ted  in the uppe r  par t  of the graph in Fig. 2 
were  compared:  in the p r e s ence  of t u m o r  s e r u m  the inc rease  in migra t ion  was l e s s  m a r k e d  than a f te r  
cul ture on n o r m a l  s e r u m .  

Analys is  of  the re la t ive  pe rcen tages  of cases  with inhibition and s t imulat ion of migra t ion  act ivi ty  of 
the m a c r o p h a g e s  f rom the 1st to the 5th month of ca rc inogenes i s  showed that  in the p re sence  of s e r u m  f rom 
ra t s  with induced t u m o r s ,  inhibition of migra t ion  of the m a c r o p h a g e s  o c c u r r e d  in 61%of e x p e r i m e n t s ,  
s t imulat ion of mig ra t ion  in 28%, and no s ta t i s t i ca l ly  significant  d i f ference in l l % o f  ca se s .  The use of s e r a  
of no rma l  r a t s  in the s y s t e m  indicated above a l t e red  these  f igures .  Inhibition of migra t ion  of the m a c r o -  
phages  was obse rved  in only 44%of cases ,  s t imula t ion  in 43%, and no dif ference in 13%of the e x p e r i m e n t s .  

It is in te res t ing  to note that  by the 6th month of ca rc inogenes i s ,  when the t u m o r  had at ta ined a la rge  
s ize ,  a sha rp  dec rea se  in cel l  r eac t iv i ty  occ u r r ed  and inc reased  migra t ion  of the m a c r o p h a g e s  was ob-  
s e rved  independently of the s e r u m  components .  

Tes t s  were  also c a r r i e d  out to study the ef fec ts  of different  f rac t ions  of immunoglobul ins  i so la ted  
on Sephadex G-200 f rom the s e r a  of r a t s  in the 3rd-4 th  month of ca rc inogenes i s ,  when the ce l lu l a r  r e a c -  
t ivi ty  was at its highest .  These  t e s t s  showed that  the 4S-f rac t ion ,  consis t ing chiefly of a lbumins ,  p o s s e s s e d  
the mos t  act ive inhibitory, p r o p e r t i e s  in the t e s t  s y s t e m s  desc r ibed  above.  At the s ame  t ime ,  the soluble 
f ac to r  inhibiting migra t ion  of m a c r o p h a g e s  is a lso  known [12] to occur  in the a lbumin-conta in ing  peak.  

It  thus follows f rom the r e su l t s  desc r ibed  above that  the role  of s e r u m  components  in the m a n i f e s t a -  
t ion of the ce l lu l a r  r eac t ions  of immuni ty  during mal ignant  growth is highly complex and r equ i r e s  fu r the r  
c la r i f i ca t ion  on va r ious  mode l s .  
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