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The high immunologic  speci f ic i ty  of d i rec t  and indirect  mac rophage  migra t ion  inhibition 
t e s t s  in the H-2 s y s t e m  was demons t ra t ed .  The abili ty of immune lymphocytes  to produce 
migra t ion  inhibition f ac to r  (MIF) was revea led  by the i r  incubation with mouse  cel ls  of co-~- 
geneie and recombinant  s t r a in s  containing the s e p a r a t e  components  of the immuniz ing c o m -  
plex ~ both pa r t i a l  and total  H-2 spec i f ic i t i es .  Remova l  of the cytotoxic lymphocytes  by ad-  
sorpt ion  on the co r re spond ing  ta rge t  ce l l s  did not reduce  the ability of the remain ing  cel l  
population to produce MIF. Some of the lymphoeytes  producing MIF were  at tached to t a rge t  
ce l l s  and could be Muted s imul taneous ly  with the cytotoxic lymphocytes .  It is postulated that 
the populations of T cei ls  which syn thes ize  MIF and which des t roy  t a rge t  ce i l s  differ  in the 
s t r u c t u r e  of t he i r  r e c e p t o r s .  
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Humora l  med ia to r s  of ce l lu l a r  immunity  synthes ized  by  immune lymphocytes  during interact ion with 
the co r respond ing  antigens have been c lose ly  studied in recen t  y e a r s  [8]. The regu la to ry  effect  of these  
med ia to r s  on the pro l i fe ra t ion ,  differentiat ion,  migra t ion ,  and viabi l i ty  of the ce i l s  sugges ts  the exis tence  
of cell  subpopulat ions,  coopera t ion  between which through f ac to r s  synthes ized by them is r e spons ib le  fo r  
the g rea t  va r i e ty  of reac t ions  of ce l lu l a r  immunity.  The T ce i l s  r e spons ib le  fo r  these  reac t ions  a r e  he t -  
e rogeneous  and they can be divided into at l eas t  two subpopulat ions:  T 1 and T2, which in terac t  in t h e c o u r s e  
of recogni t ion of antigens in vivo [10] and in vi t ro  [19]. It has also been shown that the subpopulation syn -  
thes iz ing migra t ion  inhibition f ac t o r  (MIF) is not identical  with cel ls  that p ro l i f e r a t e  on contact  with an t i -  
gen [9, 17], and that  no rma l  lymphocytes  which r e a c t  in mixed cu l tures  a r e  not identical  with cytotoxic i m -  
mune lymphocytes  [18]. Dissocia t ion of "he lper"  and cytotoxic ac t iv i t ies  of the T cel ls  has been e s t ab -  
l ished [16]. It r e m a i n s  to be d i scove red  whether  the re  a r e  any d i f fe rences  between the immunological  s p e -  
c i f ic i ty  of the T cel l  subpopulat ions.  

An a t tempt  was made in the invest igat ion desc r ibed  below to dist inguish two cel l  subpopulat ions syn-  
thes iz ing MIF and des t roy ing  ta rge t  cel ls  in the H-2  sy s t em.  F o r  this purpose  a comparat i-ve study was 
made of t he i r  immunologic  specif ic i ty ,  and the abil i ty of the e f fec to r  lymphocytes  to be  adsorbed on the 
su r face  of t a rge t  cei ls  also was used [1]. 

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

The haplotype of mice  of the inbred l ines,  including congeneic and recombinant  fo r  H-2,  is given on 
the bas i s  of exis t ing data [6, 12]. Asc i tes  f o r m s  of Sal and MKhlI s a r c o m a s ,  induced by carc inogens  in 
m i c e  of s t r a in s  A (H-2 a) and C57BL/10 (H-2 b) (abbreviated to B10) respec t ive ly ,  we re  used fo r  a single 

Labo ra to ry  of l m m u n o c h e m i s t r y  and Diagnosis of T u m o r s ,  N. F. Gamaleya  Inst i tute  of Epidemiology 
and Microbiology,  Academy of Medical  Sciences of the USSR, :Moscow. (Presented  by Academic ian  of the 
Academy of lVledicat Sciences of the USSR G. V. Vygodehikov.) T rans l a t ed  f r o m  Byul le ten '  ]~ksperimen- 
ta l 'no i  Biologii i Meditsiny,  VoI. 80, No. 10, pp. 86-90,  October ,  1975. Original  a r t i c l e  submit ted  October  
3, 1974. 

! 
�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced , |  
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 

J recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15. 00_ 

1227 



TABLE 1. Immunologic Specif ic i ty  of MMI 
Tes t  in H-2 Sys tem 

Immune 
lymphocytes 

BI0 anti -A 

BI0. D2 anti~A 

BI0. D2 anti- 
BI0 

Mean • 

d ISource of 
Z macro- MMI in- 
d tphages or 

iDleen dex (in~ 
m ('antigen)' 

I A 48 
B10 1 

2 A 30 
B10 14 

3 A 45 
BI0 --43 

4 A 34 
BI0.D2 13 

5 A " 30 
B10.D2 --7 

6 BI0 
BI0.D2 

7 BI0 
BI0,D2 

8 BI0 
B10,D2 

9 BIO 
BI0.D2 

Donor 
Recipient 

v~ 

<0,001 
>o,1 
~0,001 
>0,05 
<o,ool 
~o,ool 

~0,001 
>0.05 
<~O,Ol 
>o,I 

50 <0,001 
3 >0,1 

64 <o,ool 
--17 <0,01 

55 <o,ool 
I0 >0,1 
32 >0,02 

--43 <0,001 

42,0~4~1 <:0,00t~ 
--7,7--, ,4 

* Direc t  MMI tes t  (mixture  of lymphocytes  
with mac rophages  1 : 3) in expe r imen t s  Nos. 
1 and 4; ind i rec t  MMI tes t  (incubation of 
lymphocytes  with sp leen  ce l l s  4 : 1) in r e -  
maining expe r imen t s .  
? Signif icance of d i f fe rence  between a r e a s  
of mig ra t ion  in expe r imen t s  and cont ro l .  
$ Signif icance of d i f fe rence  between mean 
MMI indices with antigen of donor and 
rec  ipient.  
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Fig.  1. MIF product ion and CE of 
B10 an t i -A lymphocytes  a f t e r  ad -  
sorp t ion  on mono laye r  of A m a c .  
rophages  and subsequent  elution. 
Abscissa. .  1) intact ,  2) unattached,  
3) eluted immune lymphocytes ;  o r -  
dinate,  MMI index o r  CE (in %). Ra -  
tio of lymphocytes  to A ce l l s  in in-  
d i r ec t  MMI tes t  4.1 o r  1:4 (unshaded 
columns);  1:9 (shaded columns) .  Dose 
of lymphocytes  in cytotoxic t es t  4- 
106 (unshaded columns)  and 1.106 

(shaded columns) .  Ve r t i ca l  l ines 
show confidence l im i t s  with 95% lev -  
el of s igni f icance .  Number  of ex-  
p e r i m e n t s  shown above columns.  

immuniza t ion  of a l logeneic  mice  by subcutaneous inject ion at 
5 points and in t r ape r i t onea l ly  (5. t0 ? ce l l s  p e r  mouse).  

The methods of expe r imen t s  to study the cytotoxic a c -  
t ion of immune lymphocytes  on a l logeneic  t a rge t  ce l l s  ( pe r i -  
toneal  macrophages ) ,  grown in Le[ghton 's  tubes ,  and of quan-  

t i t a tve  de t e rmina t i on  of the cytotoxic  effect (CE) we re  d e s c r i b e d  p rev ious ly  [1]. Adsorp t ion  of immune 
lymphocytes  on a mono laye r  of rnacrophages  grown in p las t i c  f lasks  (No. 3024, Fa lcon P l a s t i c s ,  USA) was 
c a r r i e d  out f o r  3 h at 30~ once o r  twice [1, 2]. Af te r  incubation, the f l a sks  we re  agi ta ted  on a s h a k e r  
(New Brunswick  Scient if ic  Co., USA) fo r  5 min at 60 rpm,  the unattached lymphocytes  were  col lec ted ,  and 
the a t tached lymphocytes  were  eluted with p r o n a s e  (25-100 ~g/ml) [5]. Af te r  r epea ted  washing and count-  
ing of the l iving ce l l s ,  the abi l i ty  of 3 types of l y m p h o c ~ e s  (intact,  unattached,  and eluted) to exer t  a cy to -  
toxic action on t a rge t  ce l l s  and to fo rm MIF was de te rmined .  

The mouse  macrophage  mig ra t ion  mic romethod  [15] was used with s e v e r a l  modif ica t ions .  Washed 
pe r i tonea l  mac rophages  we re  suspended in 30% (by volume) concent ra t ion  in medium No. 199 or  MEM 
(BDH, Bethesda,  USA), containing 2 mM glutamine ,  10~ calf  embryonic  s e r u m ,  and ant ib io t ics ,  and drawn 
by a s y r i n g e  into polye thylene  tubes m e a s u r i n g  300 • 0.6 ram. The tubes we re  cut into 2 -cm lengths,  sea led  
at one end, and cent r i fuged  fo r  5 rain at 1000 rpm.  Cap i l l a ry  tubes 2.5 mm long containing the ce l l  r e s i -  
due were  f ixed with pe t ro la tum to the f l oo r  of p las t i c  c h a m b e r s  (Lexy Cul ture  Chamber ,  Mini -Lab.  Co., 
Canada),  which w e r e  then f i l led  with medium (see above) and incubated fo r  18 h at 37~ in an a t m o s p h e r e  
of 5~c CO2. The mig ra t ion  zone was p ro jec t ed  on p a p e r  by means  of a photographic  en l a rge r ,  cut out, and 
weighed. 

Macrophage  Migra t ion  Inhibition (MMI) Tes t .  F o r  the w r i t e r s '  modif ica t ion  of the d i r ec t  MMI t e s t  
[7] ce l l s  of immune lymph glands (in the expe r imen ta l  s amples )  and of normal  lymph glands (control) were  
mixed with pe r i tonea l  macrophages  of mice  of the tes t  s t r a i n  in the ra t io  of 1 : 3, in t roduced into c a p i l l a r y  
tubes ,  and incubated, a f t e r  which the s i ze  of the mig ra t ion  zone was de t e rmined  as s ta ted  above. F o r  the 
ind i rec t  MM[ tes t  [13], m ix tu re s  of immune o r  no rma l  lymph gland ce l l s  with sp leen  ce l l s  f rom mice  of 
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the test strain, in different ratios,  were  incubated for 36 h at 
37~ in an atmosphere of 5% CO 2 in a concentration of 1 4 . 1 0  ~ 
living ce l l s /ml  medium (see above), enriched with unessential 
amino acids.  After incubation the cel l  suspensions  were  cen-  
trifuged for 30 min at 1000 g and the supernatant was used as 
culture medium for migration of B10 or CC57BR(H-2 b) macro -  
phages. The MMI index was determined by the formula ( 1 -  
a/t)) x 100, where a and b represent  the migratiop zones (mean 
of 6 capillary tubes) in the experimental  and control s er i e s  re-  
spect ively .  Statistical s ignif icance was determined by Student's 
t test.  

E X P E R I M E N T A L  RESULTS 

Investigation of the immunologic specif ic ity of MMI in 
the H-2 sys t em (Table 1) showed that in all combinations of 
strains used incubation of immune lymphocytes with ce l ls  of 
the corresponding donor induced highly significant MMI in the 
direct and indirect tests  compared with incubation of normal 
lymphoeytes  with cel ls  of the same donor, it follows from 
Table 1 that this MMI was highly specif ic ,  for it was not ob- 
served in any of 8 experiments in which the same immune 
lymphocytes were incubated with syngeneic  ce l l s .  On the con-  
trary, in the last case  migration of macrophages was s t imu-  
lated in three experiments.  

To study the immunologic specif ic ity of ce l l s  synthes iz -  
ing MIF more  exactly, B10.D2 anti-B10 (d anti-b) lymphocytes 
were  incubated with spleen cel ls  of the donor (positive control),  
recipient (negative control),  and third strains containing the 
separate  components of the immunizing complex: total spec i f ic -  
ities H-2.5 (strain B10.A), H-2.39,53 (strain B10.M), or partial 
specif ic i t ies  H-2.2  (strain R101) and H-2.33 (strain R107). 

it follows from Table 2 that the total and partial H-2 spe-  
c i f ic i t ies  determined by either locus (K or D) induce M[F for-  
mation almost  equally. Similar results were  obtained with B10 
anti-A lymphocytes:  MIF formation was induced not only by A 
cel ls ,  but also by strains BALB/c, CBA, DBA/1; DBA/1, more -  
over,  gave a cross  reaction with A only on account of general 
H-2 speci f ic i t ies  (Table 2). In the last case ,  however, the pos -  
sibil ity of participation of antigens of other loci  (not H-2) in 
the reaction could not be ruled out, because  the strains were 
not congeneic for H-2. 

To separate  lymphocytes killing target cel ls  and produc- 
ing MIF, they were  adsorbed on target ce l l s  and then eluted. 
As Fig. 1 shows,  after removal  of the cygotoxic B10 anti-A 
lymphocytes by adsorption on A macrophages,  the ability of 
the unattached lymphocytes to form MIF remained completely  
untouched, in two experiments the CE of the unattached lymph- 
ocytes  was 3 and 9~ respect ive ly  of the CE of the originals ,  
whereas  their ability to produce MIF was only slightly reduced. 
At the same  time, the cytotoxic activity of the attached and 
subsequently eluted immune lymphocytes was more than 4 
t imes  higher than the initial activity (based on calculation of 
the dose  of lymphocytes giving a 50% CE). Meanwhile the 
ability to produce MIF also increased: With a ratio of lymph- 
ocytes  to spleen cel ls  of 1 : 9 the MMI index for the eluted 
lymphocytes was 55-65% but only 16-33~  for the intact (Fig. 1). 
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Unlike cytotoxic lymphocytes ,  which did not r eac t  with the genera l  spec i f ic i t ies  H-2 (3, 4), MIF was p r o -  
duced dur ing incubation with both par t ia l  and genera l  H-2 speci f ie i t ies ,  and r emova l  of the cytotoxic 1ymph- 
ocytes by adsorpt ion on ta rge t  ce l l s  did not reduce  the abil i ty of the remain ing  population to produce MIF. 
Never the less ,  some  cel ls  fo rming  MIF were  attached to t a rge t  cel ls  and could have been eluted along with 
the cytotoxic lymphocytes .  

The resu l t s  can be explained by the g r e a t e r  sens i t iv i ty  of the MMI reac t ion  than of the eytotoxic test ,  
by the par t ic ipa t ion  of B cel ls  in MIF production,  and also by the fact  that MIF synthes is  and CE against  
t a rge t  cel ls  a re  produced by two cor responding  populations of e f fec tor  T lymphocytes  which differ  in the 
s t r u c t u r e  of the i r  r e cep to r s .  The f i r s t  two hypotheses s e e m  unlikely because  of qual i ta t ive d i f ferences  in 
the speci f ic i ty  of the two tes t s  and synthes is  of MIF by T cel ls  in o ther  s y s t e m s  [11, 14]. The third hypo- 
thesis  a s sumes  that the he te rogene i ty  of the e f fee tor  lymphocyte  population is connected with d i f ferences  
in affinity of the r e c e p t o r s  fo r  H-2  antigens:  Whereas  a s table  and prolonged contact  between lymphocytes  
and ta rge t  cel ls  is essen t ia l  for  CE and is s ecured  by r ecep to r s  for  the "configurat ion" par t ia l  specif ic i ty  
or  the de te rminan t  c a r r i e r  linked with it [4], fo r  the induction of MIF fo rmat ion  all that is required  is con-  
tact  between a low-aff ini ty r e c e p t o r  with "s ingle"  genera l  H-2  specif ic i ty ,  i .e.,  s tong adsorpt ion on t a rge t  
cel ls  is not essen t ia I  in this case .  This  means  that eytotoxic lymphocytes  a re  a component  par t  of the cell  
population synthes iz ing MIF on contact  with antigen. 

The authors  a r e  grateful  to N. N. Medvedev and I. K. Egorov fo r  providing the mice,  to G. [. Drizl ikh 
fo r  d i scuss ing  the work and for  valuable advice,  and to G. N. Vornakova fo r  specia l ized  technical  help. The 
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