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Incubation of specific antigen with immune 
lymphocytes results in the appearance in the 
culture medium of several biologically active 
materials which have been implicated as 
effector materials far delayed hypersensitivity 
reactions ( 1 ) .  One of these, migration inhib- 
itory factor (MIF) ~ inhibits the normal mi- 
gration of guinea pig peritoneal macrophages 
from capillary tubes ( 1 ) . This phenomenon 
has been shown to be immunochemically spe- 
cific ( 2 ,  3 ) .  M I F  production does not occur 
when a variety of metabolic inhibitors are 
added to the reaction mixture (4). 

It has recently been found that immunolog- 
ically nonspecific production of lymphotox- 
in, MIF and skin reactive factor occurs when 
nonimune  lymphoid cells are incubated 
with the plant mitogen concanavalin A (Con 
A) (5-12). This paper presents a more de- 
tailed presentation of our previous work ( 7 )  
and that of Pick et al. (8) regarding M I F  
production by nonimmunized lymphoid cells 
stimulated by Con A (7) .  The involvement 
of the chemical binding specificity of Con A 
in eliciting macrophage migration inhibition 
was studied by the use of methyl- 
a-D-mannoside-a specific inhibitor of Con A 
binding ( I  6). The known inhibitory effect of 
puromycin on both potein synthesis and an- 
tigen induced M I F  production was us& to 
compare Con A-induced and an tigen-induced 
migration inhibition (4). The fiinding of 
MIF-like activity seen by Pick et a!. (8) in 
fall-through peak fractions of gel-filtered, 
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Con A-stimulated lymphoid supernates was 
examined in the light of studies using radiola- 
beled Con A. Finally we demonstrated the 
quantitative absence of Con A in mitogen- 
induced, column-separated MIF . 

Materials and Methods. Reagents. Con- 
canavalin A (Calbiochem) was labeled with 
1251 (International Chemical & Nuclear 
Corp.) by the chloramine-T method (13 )  
and then further purified by the method of 
Agrawal and Goldstein (14) by absorption 
onto Sephadex G-75 in 1 M NaCl and elution 
with 0.10 M glucose in 1 M NaCl. Methyl- 
a-mannoside (Pf anstehl) was recrystallized 
once prior to use. 

Tissue culture. Inguinal, cervical, auricu- 
lar, popliteal, and axlllary lymph nodes were 
removed from unimmunized random-bred fe- 
male albino guinea pigs and teased with for- 
ceps into cold Hanks’ balanced salts (Hanks’ 
BSS) solution containing 50 mU/ml peni- 
cillin, 50 pg/ml streptomycin, and 1 U/ml 
heparin. The capsule of the spleen was re- 
moved and cells were teased into Hanks’ 
BSS. The resultant cell suspensions were 
filtered through four thicknesses of sterile 
cotton gauze. The cells were then washed 
three times in Hanks’ BSS and cultured at a 
concentration of 1 x lo7 cell/ml in station- 
ary Falcon 16 X 150 mm plastic culture 
tubes at  37’. Cultures were supplemented 
with 20% normal guinea pig serum (Grand 
Island Biological Company, NU). The cul- 
ture medium used was Eagle’s minimal essen- 
tial medium with 2 m2M glutamine/ml, 50 
units penicillin/ml, and 50 pg/ml strepto- 
mycin (MEM). Sterile 1251 labeled Con A 
in MEM was added to cells in the stimulated 
group. An equal volume of MEM was added 
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to cells in the control group. After 24 hr in 
tissue culture the tubes were centrifuged at  
900 rpm for 15 min, the supernatants har- 
vested and then centrifuged at  12,000 rpm 
for 20 min, supernatants were assayed for 
radioactivity (cpm) in a Packard Autogam- 
ma counter, and then stored at  -70". The 
centrifuged cell pellet was washed once in 
Hanks' BSS, transferred to a Packard 15 x 
150 mm tube and 1251 radioactivity was de- 
termined. The binding was calculated: 

% Con A bound to cells = 
1251 cpm in pellet 

sp act 12"-Con A (cpm/pg) x 100. 
Con A (pg) added to tube 

Macrophage migration. Peritoneal exudates 
were induced in normal, nonimmune guinea 
pigs by an intraperitoneal injection of 30 ml 
sterile light mineral oil. Three days later the 
animals were exsanguinated by cardiac punc- 
ture, Cold heparinized (10 units/ml) saline 
solution (30 ml) was injected intraperitoneal- 
ly, the abdomen was kneaded gently and ex- 
udate then was harvested. The peritoneal ex- 
udate (PE) cells were separated by centrifu- 
gation a t  1200 rpm, washed thrice with cold 
Hanks' BSS, and then reconstituted to 4 x 
lo7 cells/ml in tissue culture medium 199 
containing 2070 normal guinea pig serum 
(Grand Island Biological Company, NU),  
200 U/ml penicillin and 40 pg/ml strepto- 
mycin (TCM- 199) . Capillary tubes were 
filled with the cell suspension, sealed with 
Crito-seal, (Biological Research Inc.) , and 
centrifuged. The tubes were cut a t  the cell- 
fluid interphase, and the portion containing 
the cells placed in a Mackaness-type cham- 
ber, two per chamber (2). When assaying 
tissue culture media or column fractions for 
MIF activity, 0.5 ml TCM-199 and 0.5 ml of 
the sample to be assayed were added to the 
chamber. In  experiments on the direct effect 
of Con A upon migration, the reagents were 
made up to the appropriate concentration in 
TCM-199 and 1 ml was added to the PE 
cells in the migration chamber. 

Chambers were incubated for 24 hr a t  37" 
and the area of migration was measured by 

TABLE 1. Binding of Con A to Guinea Pig 
Lymphocytes." 

Cone 

in incubation 
Of A Con A bound to 

cells after 24 h r  
mixture NO. of cell 

(lLg) preparations (pLg/ml) 7% 

I n  serum-f ree media 
6 40 2.5 23 

1 0  32 3.3 6 
12 35 4.3 11 
24  22 5.2 11 

In media supplemented with 20% 
guinea pig serum 

10 18 1.8 6 
~~ ~ 

al?t-Concanavalin A incubated with 1 X 10' 
guinea pig lymphoid cells at 37" for 24 hr. I n -  
cubation mixture centrifuged, cells washed once, 
then cpm assayed. Binding assays were done 
in duplicate. 

planimetry. The average area of migration 
for each preparation, based on duplicate de- 
termination, was used to calculate the percent- 
age inhibition as follows: 

control - experimental 
control 57 inhibition = x 100. 

Results. Con A binding. It was found that 
1251-Con A binds to guinea pig lymphocytes 
after incubation for 24 hr in tissue culture 
(Table I). This binding was most pro- 
nounced in media free of sera or glycopro- 
teins. In  the absence of serum the binding 
was dose-related from 6 to 1 2  pg/ml. Addi- 
tion of serum to the media reduced the de- 
gree of Con A lymphocyte binding. Thus, 
with 10 pg of Con A, approximately 50% less 
binding was observed in the serum- 
supplemented media. 

Efiect of Con A upon nonimmune peritone- 
al exudate cell migration. Capillary tubes 
containing oil induced peritoneal exudate 
cells were incubated in migration chambers 
containing TCM-199 with varying doses of 
concanavalin A. As shown in Table 11, inhibi- 
tion of migration was obtained with concana- 
valin A at  doses of 6 pg/ml or higher. The 
data indicates that inhibition of migration 
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TABLE 11. Effect of Con A Upon Migration of 
Nonimmune Peritoneal Exudate Cells.” 

Dose of 

(pg/ml) expts. migration (%) 
concanavalin No. of Inhibition of 

None 0 
1 5 0 
6 6 5 1  

10 11 64 
25 10 87 

Con A added directly t o  migration chambers. 

inmeases as a function of the, amount of 
concanavalin A. Maximal inhibition was ob- 
tained at  2 5  &ml concanavalin A, the 
highest dose tested. 

Effect of methyl-a-D-mannoside. The simul- 
taneous addition to the chambers of concana- 
valin A with 0.1 M methyl-a-D-mannoside in- 
terfered with the concanavalin A-induced in- 
hibition of macrophage migration. This 
blocking effect was also dose related, as can 
be seen in Table 111. At no point did 0.1 M 
methyl-a-D-mannoside completely reverse the 
inhibition of migration caused by concana- 
valin A. High&- doses of methyl- 
a-wmannoside could not be utilized because 
of its inherent toxicity. 

EBect of puromycin. In  order to determine 
whether active protein synthesis was re- 
quired for the inhibition of macrophage mi- 
gration by Con A, the effect of puromycin in 
the system was assessed. Although puromycin 
itself can inhibit migration, i t  did reverse 

TABLE 111. The Effect of Methyl-a-manfioside on 
the In-Chamber Inhibition of Migration by Con- 

eanavalin A. 

Dose of Methyl-a-D- 
eoncanavalin A mannoside Inhibition of 

( M )  migration (%) 

6 
6 

10 
10 
25 
2 5 

0 
0 

0 
0.1 

0. 
0.1 

0 
0.1 

0 
0.1 

5 1  
2 1  
64 
28 
87 
44 

0 
10 

the effect of concanavalin A (Table IV) on 
macrophage migration. (The data were calcu- 
lated with puromycin in the absence of con- 
canavalin A as the control value, i.e., as  i4f the 
puromycin had no inhibitory effect.) The 
stimulated cells produced an M I F  activity 
which was 20% above the effect of Con A 
added to unstimulated supernatants as con- 
trols. 

Demonstration of MIF  in supernates from 
Con A-stimulated lymphoid ceZl cultures. 
Since some of these effects might be due to 
direct effects of Con A on macrophages, the 

TABLE IV. The Effect of Puromycin on the In- 
Chamber #Inhibitmion of Macrophage Migration by 

Concanavalin A. 

Dose of Dose of Inhibition 
concanavalin A puromycin of migration 

(Pg/mI) (pg/ml) (%I 
0 0 0 
10 0 62 
10 25 23 
25 0 87 
25 25 52 

0 25 48 
~ 

following experiments were done. Nonim- 
rnune guinea pig lymph node cells were cul- 
tured in the presence of varying doses of 1251- 
Con A for 24 hr, and the resulting supernates 
were harvested and assayed for M I F  activi- 
ty. Since Con A by itself inhibits macrophage 
migration (Table 11) the following control 
was used. Cells were cultured in medium 
alone, centrifuged, and the resulting super- 
nate “reconstituted” with the amount of Con 
A found in the supernate of 1251-C~n A- 
incubated cells. The amount of Con A in the 
supernate was determined by assay of radi- 
oactivity. Con A “reconstitution” was done 
just prior to addition of the tissue culture 
fluid to the migration chamber. The data in 
Table V indicate that the Con A causes pro- 
duction of MIF by stimulated lymph node 
cells; the migration inhibition is not due to 
Con A itself. 

Gel filtration of M I F .  In  order to further 
demonstrate that this MIF activity was not 
Con A or a Con A breakdown product, the 
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Guinea Pig LN + CON A + Serum G-200 G E L  FILTRATION 
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FIG. 1. MIF  fractionated on G-200 Sephadex. Supernate (12 ml) from lymph node cells stim- 
ulated by Con A in serum-supplemented media was concentrated by pressure dialysis in an 
Amicon cell to a volume of 0.7 ml and applied to a 1.5 X 90 cm Sephadex G-200 column. The col- 
umn was run at  3 ml/hr a t  4" and hourly fractions were collected. (. . . .) Rrotein determined by 
OD 280 nm. (-) Con A found in column fractions from Con A-incubated cell supernates &s de- 
termined by '%I radioactivity. Alternate fractions were assayed after a 1:l dilution in TCM-199. 
(- - -> Percentage inhibition of macrophage migration (Con A-incubated cell supernate column 
fractions vs fractions from columns of unstimulated cell supernates). Note two peaks of MIF 
activity-one corresponding with the presence of Con A (Fractions 18-26) and anlother (Fractions 
32-38) peak free of Oon A. The data is the average of two runs from two separate pools of 
six animals each. 

following experiments were done. Tissue cul- 
ture supernates were concentrated by ultrafil- 
tration through an UM-10 Amicon membrane 
(American Corp.) and fractionated by 
Sephadex G-200 gel filtration. Sephadex G- 
100 an,d G-200 tightly absorb free Con A 

TABLE V. Migration Inhibition of Nonimmune 
Guinea Pig Peritoneal Exudate Cells by  Lymph 

Node Tissue Culture (TC) Supernates." 

Concn of Con A Migration inhibition 
(1Lg/ml) (%o) 

3 20 
6 26 

12 44 
24 25 

~ ~~ 

% M I F  = 100 - [(migration in  presence of 
Con A stimulated TC supernates)/(migration in 
presence of Con A + unstiniulated TC super- 
nates) ]. 

(14). Lymph node cells ( 1 X lo7 cells/ml) 
were stimulated with 6 pg 1251-Con A/ml in 
the presence of 20% normal guinea pig serum 
for 24 hr, the supernatants harvested, con- 
centrated and gel filtered. Two zones of M I F  
activity were found, one (Tubes 34-36) elut- 
ing after albumin (Tubes 32-35), and free 
of 1251 activity. M I F  activity was also found 
in the fall-through region. In  this region was 
also found all of the 1251-Con A that was 
eluted from the column (Fig. I ) .  Con A can 
form complexes with many serum glycopro- 
teins (10, 15). This macromolecular Con A 
comprised 80% of the Con A applied to the 
column. (87,000/109,000 cpm) When Con A 
is incubated with lymphocytes in media un- 
supplemented with high molecular weight 
substances and the supernate filtered thirough 
G-200 less than 3% of the Con A elutes in 
the fall-through region. 

The 1251-Con A used in these experiments 
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TABLE VI. Production of M I F  by Nonimmune 
Guinea Pig Spleen Cella Stimulated by Con A 

and Fractionated on 6-200 Sephadex. 

Fall- Post- 
through 7s albumin 
regiona region" regiona 

~~ 

Spleen cells cultured 
in MEM + serum 

- - Presence of + 
Inhibition of 40 0 20 

Con A 

migration* 
(%) 

Spleen cells 
cultured in MEM alone 
- - - Con A 

Inhibition of 0 7 26 
migrationb 
(%) 
"Similar tube positions to Fig. 1. 

As calculated against equivalent column f rac- 
tions from unstimulated cultures. 

had a specific activity of 1000 cpm/pg. I t  is 
therefore unlikely that enough Con A was 
present in the 4-5 S region to cause the MIF 
effect seen: i.e., < 50 cpm radioactivity = < 
50 ng Con A. Amounts of less than 1 pg of 
Con A are without direct effect upon mi- 
gration of nonimmune peritoneal exudate 
cells. 

Production of M I F  by Con A-stimulated 
spleen cells. Guinea pig spleen cells cultured 
in media with concanavalin A and serum sup- 
plement show significant production of M I F  
(Table VI). Spleen cells incubated with con- 
canavalin A without serum supplementation 
also produced significant amounts of MIF. 

Discussion. The jackbean globulin con- 
canavalin A has been prepared as a homo- 
genous protein with known chemical specifici- 
ties (14). It reacts specifically with sugars 
containing the D-arabinopyranoside structure 
a t  C3, C4, and C6, and can readily be disso- 
ciated from complexes with glycoproteins or 
polysaccharides by such simple chemicals as 
methyl+-D-mannoside ( 16). Concanavalin A 
also 'reacts with lymphocytes to stimulate the 
incorporation of tritiated thymidine (16) 

and the secretion of skin reactive factor 
(10-12) and lymphotoxin (6,7). 

In  this paper we have demonstrated that 
the addition of Con A to migration chambers 
inhibits the migration of normal peritoneal 
exudate cells, and stimulated the production 
of M I F  by nonimmune lymphocytes. The 
a-1,4-arabinopyranoside structure would seem 
to be as critical for M I F  production as i t  is 
for lymphocyte stimulation, since 0.1 M 
methyl-a-D-mannoside significantly inhibited 
this effect. Development of MIF activity was 
abolished by concomitant addition of puro- 
mycin and Con A to the chambers. Using 
similar methods, antigen induced MIF pro- 
duction can also be inhibited by puromycin 
(4). That an M I F  distinct from Con A was 
produced was demonstrated by the fact that 
Con A stimulation of lymph node cells in 
serum-supplemented media resulted in the 
production of an M I F  eluting after albumin 
on Sephadex G-200 gel filtration; in this 
property this M I F  resembles M I F  induced 
by incubation of antigen with antigen- 
reactive cells ( 17). 

Pick et al. (8) have also produced MIF by 
Con A stimulation of peritoneal exudate 
lymphocytes or lymph node cells. In  their 
experiments, MIF-like material was detected 
in the fall-through peak of gel-filtered super- 
nates from stimulated lymphocytes. This 
peak may have contained significant Con A, 
as we have demonstrated by our 12sI label- 
ing experiments. MIF activity was also 
found in pooled fractions eluting with hemo- 
globin. Our present studies show that Con A 
induced M I F  elutes with and after albumin 
on gel filtration and is free of 1261-Con A 
(50 ng/ml). It is interesting to note that 
little soluble complex Con A-glycoprotein is 
formed on incubation of spleen cells with 
Con A in media without serum supplement 
and little MIF-like activity is found in fall- 
through peak material. 

It is now apparent that production of a 
variety of mediators can be mitogen induced. 
Con A-stimulated M I F  has a moIecuIar 
weight close to that of antigen-stimulated 
M I F  (less than that of albumin) ( 1  7) .  PHA- 
induced mouse lymphotoxin shares many 
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properties with antigen (mixed lymphocyte 
culture) induced mouse lymphotoxin (LT) 
(19, 20). Con A and pokeweed mitogen also 
can cause production of L T  by nonimmune 
cells (5, 6, 2 2 ) .  Skin reactive factor (5RF) 
can be induced by Con A stimulation of 
lymphocytes (8, 10, 11). I t  has a molecular 
weight similar to that of the antigen- 
stimulated material (23 ). Con A-stimulated 
SRF is capable of faithfully reproducing the 
tuberculin skin lesion ( 12). Pokeweed mito- 
gen is capable of inducing a tuberculin like 
lesion in vivo upon injection of the mitogen 
into the skin of nonimmune animals (21). 
Thus, antigen and mitogen-induced mediators 
may be identical (9, 24). 

Summary. Migration inhibitory factor 
(MIF) is produced upon concanavalin A 
(Con A) stimulation of nonimmune lymphoid 
cells. This production is specific for the U-1, 
4-arabinopyranoside affinity of the Con A as 
demonstrated by the inhibitory effect of 
methyl-a-~-mannoside. Con A-induced MIF 
synthesis is puromycin sensitive. Con A- 
induced MIF can be separated from Con 
A by column chromatography through 
Sephadex G-200. This mitogen-induced medi- 
ator seems to have approximately the same 
molecular weight as the antigen-induced MIF 
as measured by gel filtration. M I F  can be 
produced by lymph node cells in the presence 
of serum supplemented media. Spleen cells 
do not require serum-supplemented media to 
produce Con A-induced MIF. 
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