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The method of inhibition of macrophage  migra t ion  (IMM) was used to study the s ta te  of Cellular 
immunity  af ter  immunizat ion of r a t s  with c r o s s - r e a c t i n g  mouse a lpha-fe toprote in  (MAFP). Af-  
t e r  a single injection of MAFP into the an imals ,  per i toneal  exudate cel ls  became  capable  of in- 
ducing the IMM reac t ion  on incubation both with MAFP and also with homologous r a t  AFP (RAFP).  
Repeated  iniection of MAFP weakens the IMM re sponse  to both prote ins  and leads to s t imulat ion 
of mac rophage  migra t ion ,  coupled with a fu r ther  i nc rease  in the t i t e r  of antibodies against  MAFP 
and RAFP.  Frac t ionat ion  of per i toneal  cel ls  showed that the IMM reac t ion  to MAFP and RAFP 
is produced by T lymphocytes .  
KEY WORDS: a lpha-fe toprote in ;  na tura l  to le rance ;  inhibition of macrophage  migra t ion  reac t ion;  
antibody format ion .  

Na tu ra l  to le rance  to a lpha- fe topro te in  (AFP) in m a m m a l s  can be ove rcome  by immunizing the animals  
with he tero logous  [3, 4, 11] or  chemica l ly  modified homologous [12] AFP.  Immunizat ion  of r a t s  with c r o s s -  
r eac t ing  mouse A F P  (MAFP) induces the fo rmat ion  o f  antibodies which r e a c t  with some of the de terminat ion  
of homologous r a t  AFP (RAFP) [3, 4]. Antibody product ion against  de te rminan ts  of homologous prote in  is  
evidence that  nontolerant  B ce l l s  a r e  p resen t  in the body. 

The invest igat ion descr ibed  below was c a r r i e d  out to d i scover  whether  T lymphocytes  a re  a lso  involved 
in the immune r e spons e  to homologous A FP.  

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

Pe r i t onea l  exudate ce l l s  (PEC) of r a t s  immunized  with MAFP were  invest igated by the inhibition of m a c r o -  
phage migra t ion  (IMM) test .  For  many immunological  models  it has  been shown that  the IMM reac t ion  is a T -  
dependent phenomenon - a c o r r e l a t e  of hypersens i t iv i ty  of delayed type (HDT) in vivo [6, 9]. 

W i s t a r  (males  weighing 250-400 g) and August (males  weighing 190-220 g) r a t s  were  used. The an imals  
w e r e  immunized  with a pur i f ied MAFP p repa ra t ion  by the method desc r ibed  previous ly  [3, 4l. Antibodies were  
de te rmined  by double diffusion in agar  [2] with specif ic  t es t  s y s t e m s  for MAFP and RAFP [3, 4]. 

To obtain PEC,  on the day before  the exper iment  the animals  were  given an in t raper i tonea l  injection of 
10 ml  of a mix tu re  of peptone (3~) and glycogen (0.25~) in physiological  sal ine;  the cel ls  were  taken by means  
of a syr inge  under anes thes ia .  

The IMM tes t  was c a r r i e d  out by a modified mic romethod  [8]. The res idue  of washed PEC was suspended 
in the ra t io  of 1 : 1  in Hanks '  solution with 10~ bovine s e r u m  and antibiot ics .  Glass  cap i l l a ry  tubes (Behring-  
werke ,  West  Germany)  were  filled with them and then cut up into sect ions  1 cm long and sealed at one end 
with a mix tu re  of wax and pe t ro la tum (1 : 3). Af ter  centr i fugat ion for 7 rain at 650 r p m  the cap i l l a ry  tubes were  
cut below the top level  of the cel l  res idue  and placed on the floor of wells cut into pla tes  (Falcon P l a s t i c s  3040), 
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TABLE 1. IMM Reaction for P r i m a r y  and Secondary Immune Response of Rats to In- 
jection of MAFP 

No. of experirnent 
Days after im- 
munization 

prima- seaon- 
ry dary 

, I ~ I 3 1 4 
primary reaction to: 

MAFP 

4 4 
12 11 
18 20 
25 28 
32 35 
56 40 
74 68 

132 

Legend. 

RAFP 

- - 27~ 3 &  
~ 25 {2) 25 (2) 

46 48 38 (2) 21 (3} 
34 26 -- -- 
27 15 
13 22 
14 

In experiments  Nos. 1 and 4 

MAFP RAFP IMAFP 

2 3t  ;i3/1- 
2822} 

RAFP MAFP 

2 I 3 
secondary reaction tO: 

'RAFP !MAFP.i RAFP 

--24 O) 

o 

--37 (2) 
- -28  (1) 

35 (:) 

o 

25 (2}. 
--66(3)'  

-28 (3) 
22 (2) 

I 
20 (3) I --12 (3) 

;t ~ 
2 2) --41 (3I 

~ooled PEC were  used; in Nos. 1 and 2, pooled 
PEC from three ra ts  in each case;  in No. 4 from five ra t s ;  in experiments  Nos. 2 and 3 
PEC were  obtained individually f rom five ra t s  during the p r imary  response  and f rom 
four and three ra t s  respect ive ly  during the secondary r e s p o n s e ; - )  not tested; number 
of react ing ra t s  shown in parentheses;  a minus sign before the number implies index of 
stimulation of macrophage migration.  

*The index of stimulation for one rat  was -133%.  

res t ing  with their  sealed end against  the wails of the wells, which were  filled with 0.3 ml of Eag le ' s  medium 
with Lfiglutamine (2 raM), 15% adult ra t  serum,  and antibiotics. To the medium in the experimental  tests  5% 
neonatal mouse or ra t  se rum was added (the AFP concentrat ion in the samples was about 60 ~g/ml) ,  whereas 
in the control  tests  5% adult mouse or ra t  se rum was added correspondingly.  After incubation for 18 h at .37~ 
in an a tmosphere  with 5% CO 2 the capi l lary  tubes were removed from the wells and the migrat ion zones were 
drawn on paper with the aid of a projector ,  cut out, and weighed. The index of inhibition of migrat ion (IIM) was 

calculated by the equation 

IIM = [1 - mean weight of migrat ion zone in experiment] 
mean weight of migrat ion zone in control  �9 100, 

using four to six paral lel  capi l lary tubes for each sample of cells.  The significance of the resu l t s  was deter -  

mined by Student's t test.  

To fract ionate the T and B lymphocytes [10], PEC freed f rom macrophages  by adsorption on plastic flasks 
{Falcon Plas t ics  3027) were applied to a monolayer  of sheep 's  red  cells covered with hemolytic serum,  and af- 
ter  incubation for 30 min at 37~ and centrifugation for 5 min at 700 r p m ,  the "free"  T lymphocytes were sep- 
ara ted  fro.m the adherent B lymphocytes.  The appropr ia teness  of this method for separat ing mouse T and B 
lymphocytes has recent ly  been verif ied [1]. 

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

The IMM test  was ca r r i ed  out at different t imes after p r imary  and secondary injection of MAFP and, in 
parallel  experiments,  antibodies against MA FP and RAFP in the ra t  se ra  were determined.  Before immuniza-  
tion IIM of PEC of five ra t s  was 8 �9 2% in the presence of MAFP and 2 -~ 5% in the presence  of RAFP.  The 
mean values of significant (less than 30%) and highly significant (> 30%) IIM of PEC of immune ra t s  of four ex- 
perimental  groups are  given in Table 1. As Table 1 shows, the PEC became react ive  to both MAFP alone and 
also to MAFP on the 12th day after  p r imary  injection of RAFP.  This react iv i ty  continued, diminishing gradual-  
ly, until the 74th day, when antibodies against MA FP could still be found in the animals '  sera ,  but antibodies 
against RAFP were no longer detectable. The s t rongest  react ion was found on the 18th-25th day, when IIM 
reached 70-82% for incubation with MAFP and 30-49% for incubation with RAFP.  Per i toneal  exudate cells f rom 
individual animals showed react iv i ty  to both antigens simultaneously and also preferent ia l  react iv i ty  to one of 
the two antigens (see experiments  No. 2 and No. 3 on the 25th day). The intensity of the IMM react ion c o r r e l a -  
ted with the intensity of the humoral  response:  On the lSth day after  immunization high values of IIM were ob- 
tained after  incubation both with MAFP (82 and 70%) and with RAFP (49 and 30%) in experiments  Nos. 1 and 3 
for ra ts  in whom antibodies against  RAFP had already been determined,  whereas antibodies against MAFP 
reached a t i ter  of 1 : 4-1 : 16. In experiments  Nos. 2 and 4, antibodies against RAFP were absent, and against  
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Fig. 1. Kinetics of IMM reac t ions  and antibody format ion  af ter  immunizat ion of r a t s  
with MAFP: 1) r e s p o n s e  to MAFP; 2) r e sponse  to RAFP.  Ar row indicates second in- 
ject ion of MAFP.  Absc i s sa ,  days a f te r  injection of MAFP; ordinate:  left) IIM (in ~), 
right) log 2 of antibody t i t e r .  

Fig. 2. IMM reac t ion  with f rac t ionated  immune T and B lymphocytes .  Pe r i tonea l  ex-  
udate lymphocytes  mixed with no rma l  PEC in r a t io  of 1 : 4. PEC) Original immune 
pe r i tonea l  exudate ce l l s ;  T + B) mix ture  of normal  PEC with immune lymphocytes ,  
pur i f ied f rom macrophages ;  T) mix ture  of normal  PEC with T f rac t ion  of immune lym-  
phocytes;  B) mix ture  of no rm a l  PEC with B f rac t ion  of immune lymphocytes .  Shaded 
columns show reac t ion  to MA FP,  unshaded columns,  reac t ion  to RAFP.  

MAFP they were  d i scovered  only in the or iginal  s e ra ;  the values of IIM were  cor respondingly  lower than in ex-  
pe r imen t s  Nos.  1 and 3: 3 2 - 3 8 %  for  MAFP and 21-25% for RAFP.  

During the secondary  immune r e s p o n s e  the reac t iv i ty  of the PEC differed f rom the p r i m a r y  in the follow- 
ing r e s p e c t s  (Table 1): 1) at different  per iods  of the secondary  r e sponse  the value of IIM did not exceed 25% 
and in many c a s e s  it was 0; 2) IMM was rep laced  by a phenomenon of s t imulat ion of macrophage  migrat ion,  in- 
duced by both antigens at different  per iods  of the secondary  re sponse ;  3) a r e sponse  of s t imulat ion of m a c r o -  
phage migra t ion  developed as  a ru le  to one of the two ant igens,  whereas  this reac t ion  was absent  to the other  
antigen at the s a m e  period.  This  d issocia t ion between the reac t iv i ty  of PEC to MAFP and RAFP was observed  
during 40 days of the secondary  r e sponse ,  but b y t h e  68th day both antigens induced the IMM reac t ion .  This  
phenomenon of s t imulat ion of mac rophage  migra t ion  in the p re sence  of specif ic  antigen has  been obse rved  more  
than once [5, 14], but its na ture  has  not yet  been studied. 

The kinet ics  of the IMM reac t i ons  and of antibody format ion  was compa red  (Fig. 1) in th ree  August  r a t s ,  
in which the ce l lu la r  and hum ora l  r e s p o n s e s  we re  mos t  uni form.  The reac t iv i ty  of PEC both to the immunogen 
and to the homologous prote in  began to be detectable  s imul taneously  with the appearance  of antibodies against  
MAFP in the an ima l s '  s e r a  on the 12th day of the  p r i m a r y  r e sponse .  The max imum of the IMM reac t ion  was 
obse rved  on the 18th day, but the peak of antibody format ion  occu r r ed  on the 30th day af ter  immunizat ion,  when 
the IMM reac t i on  was much weaker .  Repeated  injection of MAFP induced an inc rease  in antibody format ion  
both to MAFP and to RAFP,  whereas  the IMM reac t ion  was inhibited. 

Frac t iona t ion  of the immune lymphocytes  obtained on the 26th day  of the p r i m a r y  r e sponse  f rom th ree  
August  r a t s  showed that  the IMM reac t ion  to MAFP and RAFP is T-dependent  (Fig. 2). In the p re sence  of 
MAFP migra t ion  of the no rm a l  macrophages  mixed with the f rac t ion  of immune T lymphocytes  was dep re s sed  
just  as it was in the mixture  with unfract ionated immune lymphocytes  (T + B), and by an amount equal to the 
dep res s ion  of migra t ion  of the or iginal  PEC.  As r e g a r d s  RAFP,  the act ivi ty  of the T f ract ion of immune l y m -  
phocy te swas  cons iderab ly  inc reased  compared  wi th the  original  PEC.  The r e sponse  of the B f rac t ion  of immune 
lymphocytes  did not differ  s ignif icantly f rom that of normal  cel ls .  
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During immunization of ra ts  with c r o s s - r e a c t i n g  MA FP react iv i ty  thus develops to homologous AFP,  at 
least in those T lymphocytes which produce IMM factor.  Similar resu l t s  have recent ly  been obtained with a 
model of natural tolerance to thyroglobulin in rabbits  [13]. It remains  unclear whether MAFP and RAFP reac t  
with the same or different populations of T lymphocytes,  and also what role is played by the T lymphocytes 
discovered in these experiments,  in cooperat ion between T and B cells during antibody formation against homol-  
ogous protein. The dissociat ion observed in this investigation between the secondary response  of PEC to the 
two antigens, and also in the dynamics of IMM and of antibody formation, may indicate a "switching" of differ- 
rentiat ion of the two subpopulations of T cel ls:  the effectors  of HDT and the helpers [7]. The possibili ty can- 
not be ruled out that the appearance of react ivi ty  in ra t s  to RAFP after immunization with MAFP is the resul t  
not of the breakdown of natural tolerance to RAFP,  but of an increase  in the affinity of.the r ecep to r s  of T lym-  
phocytes directed toward MAFPwith respec t  to its common determinant with RAFP.  Whatever the case,  the 
development of the react ion of T cells  which behave as effectors of HDT to homologous AFP can provide a ba- 
sis for specific immunotherapy during the growth of AFP-produc ing  tumors .  
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