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KINETICS OF PRODUCTION OF MACROPHAGE MIGRATION INHIBITION 

FACTOR IN MIXED CULTURES OF LYMPHOCYTES AND TUMOR CELLS 

D. D. Kharkevich and A. P. Suslov UDC 616-006-097.2-02:616.155.32/ 
33-097.5]-092.4 

KEY WORDS: natural producers of macrophage migration inhibition factor; mixed cul- 
tures of lymphocytes and tumor cells. 

The continuous renewal of most tissues of the multicellular organism, taking place 
through intensive cell division, {s responsible for the high frequency of appearance of mu- 
tant cells, proliferation of each of which may lead to disturbance of vitally important func- 
tions of different organs or to the development of a malignant tumor [6]. The diagnosis and 
t.imely elimination of foreign cells and supervision of genetic homeostasis of the organism 
are functions of the immune system. The concept of immunologic surveillance was formulated 
by Burner in the mid 1960s [6], but the nature of the effector cells of immunologic surveil- 
lance has not yet been precisely established. The most likely candidates for the role of 
these cells, capable of reacting to a foreign antigen without previous immunization, are the 
natural killers (NK cells) [8] and natural producers of macrophage migration inhibition fac- 
tor (MIF) [12], lymphocytes potentially capable of activating the antitumor resistance of 
macrophages [13]. The writers showed previously that T cells which are producers of MIF can 
distinguish between mutant H-2 antigens and original H-2 antigens during development of an 
immune response in vivo [3] and in vitro [5]. 

The object of the present investigation was to study the ability of nonimmune MIF pro- 
ducers to react to antigens of allogeneic and syngeneic tumors during the first days of mixed 
culture of lymphocytes and tumor cells (MCLT) in vitro. The preliminary results on recogni- 
tion of syngeneic tumor antigens were published previously [2]. 

EXPERIMENTAL METHOD 

Spleen cells of normal mice of lines C57BL/6. abbreviated to B6 (Haplotype H-2b); 
C57BL/10Sn, abbreviated to BI0 (H-2b), DBA/2 (H-2d), and CBA (H-2k), were used as reacting 
cells in MCLT. The stimulating cells were tumor cells irradiated in a dose of 5000-10,000 
rads, obtained from sarcoma MCh-II, T-lymphoma EL-4, and mastocytoma P-815, maintained in the 
writers' laboratory by regular passages in mice of lines BI0, B6 and DBA/2 respectively. Re- 
acting cells numbering 5 x l0 s were mixed with 1 x 105 stimulating cells and incubated in a 
final volume of 2 ml of medium RPMI-1640 (from Flow Labs, England) with the addition of 10% 
embryonic calf serum (from Gibco, England), 2 mM L-glutamine (from Flow Labs), 0.005 M HEPES 
buffer, 5 x 10 -5 M 2-mercaptoethanol, and antibiotics. Lymphocytes of syngeneic spleens, 
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Fig. i. Kinetics of MIF production in mixed culture of spleen cells and allogeneic tu- 
mor cells, a) BI0 + EL-4, b) CBA + EL-4, c) B6 + MCh-II, d) CBA + MCh-II. Abscissa, 
age of MCLT (in days); ordinate, MII (in %). Short vertical lines indicate standard 
error of four determinations. 

Fig. 2. Kinetics of MIF production in mixed culture of spleen cells and syngeneic tu- 
mor cells, a) B6 + EL-4, b) BI0 + MCh-II, c) DBA/2 + P-815, Remainder of legend as to 
Fig. i. 
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Fig. 3. Sensitivity of MIF producers re- 
acting to syngeneic tumQr antigens and 
H-2 alloantigens to anti-Thy-l,2 antibodies. 
a) Untreated B6 spleen cells; b) B6 spleen 
cells treated with normal mouse serum and 
complement. Shaded columns represent reac- 
tion to EL-4 stimulator cells, unshaded 
columns represent reaction to allogeneic D2 
spleen cells. Ordinate, MII (in %) with 
standard error of four determinations. 
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TABLE i. Abolition of MIF Production in Syngeneic MCLT and Allogeneic Mixed Lympho- 
cyte Culture by Irradiation of Reacting Lymphocytes and Absence of MIF Activity in 
Mixture of Supernatants of Monocultures (M• m) 

I 
iPeriod of 

S t imula t -  incuba-  
ing tion, 
cells* days 

intact 

React ing cel ls  

in tac t  

BI0  

BI0- D2 

EL-4 

p-8~5 

~X-1t  

A I 

40-+4 J" 
31-+2 
32•  

36__.2 
29•  
26•  

B6 

--4=k4 
- - 2 ~ 2  
- - 2 •  

irradiated 

1•  
- - 3 •  1 
- - l •  

4 •  
- - 9 •  
- - 5 •  

12-+11 
27•  
29•  
24•  

A I 

DBA/2 

- - 3 •  
- - 1 •  

0+__4 
1-+3 

irradiated 

4 •  
0• 

- - 2 •  
2-+4 

in tac t  

A I 

--44• 
- - 2 7 •  

39:k5 
24•  

1+3 
t 2 •  
0 •  

- - I t ! 2  

*Stimulating D2 spleen cells and tumor cells were irradiated in all cases in a dose 
of 5000-i0,000 rads. 
*MII calculated relative to syngeneic control (mean of three determinations with 
standard error). 
Legend. A) MII in culture fluids of mixed cultures of lymphocytes and tumor cells; 
B) MII in mixture of culture fluids from monocultures of reacting and stimulating 
cells. 

irradiated in the same dose and used in the same concentration as tumor cells, were used in 
the control and stimulating cells. Reacting cells in the positive control and in some ex- 
periments were mixed with allogeneic stimulators of line BI0"D2 (abbreviated to D2; H-2d). 
Incubation was carried out in 24-well plastic plates (from Linbro, No. 76-033-05, England) 
at 37~ in an atmosphere of 5% CO2. 

From the Ist through the 4th day of incubation the contents of the individual wells 
were removed, the cells were separated by centrifugation at 1000g for 30 min, and the re- 
suiting supernatants were tested on peritoneal macrophages of normal B6 mice in a micromodi- 
fication of the macrophage migration inhibition test [4]. The results were assessed as the 
macrophage migration inhibition index (MII, %), calculated by the equation: MII = (a--b)/ 
a x 100%, where a and b are the mean weight of the projection of the migration zone on paper 
in the syngeneic control and experiment respectively. B6 spleen cells were treated with 
anti-Thy-l,2 serum (from Searle Diagnostic, England) and complement (from Cedarlane, Canada) 
by the method described previously [i]. 

EXPERIMENTAL RESULTS 

The kinetics of the reaction of MIF production in response to stimulation by allogeneic 
(Fig. i) and syngeneic (Fig. 2) tumor cells from the ist through the 4th day of MCLT is 
illustrated in Figs. i and 2. 

Significant MIF production was discovered in MCLP of syngeneic or allogeneic lympho- 
cytes with EL-4 cells as early as on the ist or 2nd day of incubation (Fig. la, b; Fig. 2a). 
The reaction developed later in MCLT of syngeneic or allogeneic lymphocytes with MCh-II or 
P-815 cells -- on the 2nd (P-815) or 3rd (MCh-II) days of culture (Fig. ic, d; Fig. 2b, c); 
in the presence of MCh-II cells, moreover, both allogeneic and syngeneic spleen cells reacted 
by production of MIF. Culture fluids from mixed cultures of lymphocytes irradiated in a dose 
of 5000 rads with irradiated tumor cells, and also mixtures of culture fluids from spleen 
cells and tumor cells incubated separately, did not exhibit MIF activity (Table i). Com- 
parison of the kinetics of appearance of MIF activity for syngeneic and allogeneic MCLT re- 
vealed no significant differences. 

To explain the nature of the cells producing MIF on contact with syngeneic tumor cells, 
the reacting cells were treated with anti-Thy-l,2 serum and complement. As Fig. 3 shows the 
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initial reaction of B6 splenic lymphocytes to cells of syngeneic T-lymphoma EL-4 and to allo- 
geneic D2 spleen cells (in the positive control) was completely abolished after treatment of 
the reacting cells with anti-Thy-l,2 serum and complement whereas treatment with normal mouse 
serum and complement did not abolish the reaction under the same conditions. Consequently, 
the reaction discovered is T-dependent. 

The experiments thus showed that MIF producing T cells can react in the early stages of 
primary MCLT (Ist-3rd days) by mediator production to cells of allogeneic and syngeneic tu- 
mors. The reaction of nonimmune MIF producers was discovered in the early stages of MCLT, 
before any reaction of primary killers to cells of syngeneic T-lymphoma EL-4 [9]. The reaction 
to tumor antigens studied in the present investigation is analogous to the reaction of normal 
rat spleen cells producing MIF on contact with cell lines expressing leukemia viruses or en- 
dogenous C-type viruses [14]. These cells were found to be resistant to treatment with bovine 
serum against rat thymocytes with guinea pig complement [14]. 

The present investigation showed that primary immunologic recognition of syngeneic tu- 
mor antigens by MIF producers in mice is due to T lymphocytes. It was shown previously that 
nonimmune MIF producers reacting to cells of allogeneic, recombinant, and mutant lines of 
mice in mixed lymphocyte culture and sensitive to treatment with anti-Thy-l,2 antibodies with 
complement [5, i0] and also to anti-Ly-antibodies in the response to alloantigens [12], indi- 
cate the T-cell nature of primary recognition of MIF producers in mice. 

Several common properties of natural killers (NK cells) and natural MIF producers have 
now been discovered [14]. The reaction to syngeneic tumor cells discovered in the present 
investigation and due to nonimmune cells consists in production of mediator of cellular 
immunity, and it is evidently a manifestation of natural immunity. It has been suggested 
that the entry of a foreign antigen from outside or the appearance of a malignant tumor in- 
side the organism stimulates natural MIF producers to liberate a lymphokine which is able to 
attract macrophages to the location of the antigen, to keep them there, and to activate them 
[ii]. The biological impotance of this reaction has been demonstrated in investigations 
showing that metabolism is considerably intensified in macrophages under the influence of 
"MIF, and they acquire increased bacteriostatic properties as well as the ability to destroy 
tumor cells highly effectively, without injuring normal cells [7, 13]. 

Natural MIF producers, like natural killers, are thus evidently effector cells which are 
responsible for the earliest operative defensive reactions of the organism in the course of 
antitumor immunologic surveillance. 
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