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Interaction between sensitized lymphocytes and specific anti-
gen in vitro, results in the generation of soluble factors ex-
hibiting a variety of biological activities. These mediators,
commonly known as lymphokines (7), are believed to partici-
pate in the in vivo expression of the cell-mediated immune
response.

Isolation and characterization of lymphokines has been
extremely difficult, mainly due to production of mediators in
only minute quantities, and contamination by a variety of other
products of cellular metabolism. Thus, human migration in-
hibitory factor (MIF) (14) and human leukocyte migration
inhibitory factor (LIF) (12) have been characterized only in
terms of general physicochemical properties (13, 14), re-
sponse to enzymes, enzyme inhibitors (9, 13, 14) and treat-
ment with various drugs and chemicals (3) . Therefore, the
necessity for the development of supplementary separation
methods is obvious.

The monosaccharide, a-L-fucose, has been shown to neutral-
ize the action of guinea-pig MIF, and the mediator activity
was prevented by treating the migratory cells with a-L-fucosi-
dase. Thus, a-L-fucose on the macrophage surface seems to be
essential for the M I F response of this cell {11). The concept
of «-L-fucose being a part of a receptor for MIF opens up
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new possibilities for developing an affinity chromatography
technique for the recovery of virtually purified guinea-pig
MIF.

In the present article data are presented showing that hu-
man LIF, which in contrast to guinea-pig MIF is not thought
to be a glycoprotein, is inhibited by a-L-fucose as well. The
inhibition is specific for this sugar, and reversible. In a follow-
ing article the development of an affinity column chromato-
graphy technique for purifying LIF will be described in detail.

M A T E R I A L AND M E T H O D S

Lymphokine Production

Human mononuclear celk were obtained from heparinized peripheral blood
from healthy adults according to methods previously described (4). The sepa-
rated lymphoc\"tes {2.5 X io"̂  cells per ml) containing only a few per cent mono-
cytes and erythrocytes were then incubated in serum-free medium TC-199 with
penicillin 67 i.u. per ml and streptomycin 67 /ig per ml (Difco Laboratories,
Michigan, U.S.A.) (TC-199). After 22 h at 37° C in 2 per cent COs in water-
saturated atmospheric air in the presence or absence (control) of concanavalin A
So /ig per ml (Pharnjacia, Uppsala, Sweden) (Con-A), the supernatants were
harvested, and the mitogen-free control supernatant was reconstituted with
80 /»g per ml of Con-A.

Both supernatants were subsequently applied on small columns of Sephadex
G-ioo (Pharmacia) equilibrated with volatile buffer (0,02 M ammonium bi-
carbonate; acetic acid, pH 7.0). Con-A was hereby removed by conjugation to
the Sephadex matrix (i, 4). Using bed volumes, at least four times that of the
supernatant volumes, the columns eJuted with volatile buffer at the same time
served to desalt the supernatants. The mitogen-free supernatants were then
passed through Miilipore fihers (0 .̂5 t̂m pore size), lyophilized and stored at
4° C until use-

Assay for Leukocyte Migration Inhibition

The indirect leukocyte migration agarose technique described by Clausen (5)
was employed using peripheral blood leukocytes from healthy, unrelated adults
as migratory cells. 22 X ro" celis were suspended in 90 y.\ culture supernatant
and tested for migration under agarose as previously described (4). The LIF

was determined as a migration index:

j _ Mean area of migration in Con-A stimulated supernatants

Mean area of migration in parallel control supernatants
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Top.- Calibration of Sephadex G-ioo coiumns {i.6 x 90 cm) with blue dextran
(mol. wt. 2 X 10°), human albumin (mol. wt. 69 X 10'), cytochrome C (mol. wt.
12 X 10") and NaCl. The albumin values are gii'en in arbitrary units as meas-
ured by fused rocket immunoelectrophoresis {15) with rabbit anti-human albumin
antibody incorporated in the gel. —O— Abforbance at 6ro m/i (blue dextran).

— X— Absorbance at 4.izmM (cytochrome C) .—9— Conductivity (saline).
Bottom: The elution pattern of human leukocyte migration inhibitory factor.

Mean values of five different experiments. Vertical lines indicate ± SD.
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Fractionaiion of Supernatants on Sepkadex G-ioo

Lyophilized Con-A preincubated and Con-A reconstituted supernatant material
was dissolved in isotonic o.i M phosphate-buffered saline (PBS) to achieve a
70-fold concentration of the initial supernatant fluid. Two ml of the concentrated
supernatant, cleared of any insolubk material by centrifugatjon, were then
applied on Sephadex G-ioo .glass columns {1.6 X 90 cm) (Pharmacia) equili-
brated and eluted with PBS at 4* C with a flow rate of 8 ml per h. Fractions
of 4 ml were collected and the total effluent was divided into 5 fractions as
shown in Fig. i. Unconcentrated fraction material ŵ as then tested for LIF
activitv.

Calibration of the Columns

A mixture of 500 ^1 human serum, icx> fil blue dextran (2 mg per ml) (Phar-
macia), 50^1 cytochrome C (Sigma, St. Louis, Mo., U.S.A.) and 1350 /il 1.0 M
NaCl was apHed on the columns and eluted under similar conditions as described
above. The serum was included in order to permit the determination of the
elution profile of albumin (mol. wt. 69,000 daltons) by means of the fused rocket
immunoelectrophoresis technique described by Svendsen (15)- Blue dextran
(mol. wt. 2 X 10* daltons) which appeared in the void volume and cytochrome C
(mol. wt. 12 X 10* daltons) were measured by light absorbance at 610 m^ and
412 mp. respectively. The total bed volume, corresponding to the appearance in
the eluate of a higher salt concentration, was determined by conductivity meas-
urements.

TABLE J
Effect of Monosacckarides on Leukocyte Migration Inhibitory Factor (LIF),

a-L-fucose
D-(-t-)-fucose
L-rhamnose
D-(-(-)-mat)nose
N-acet>'l-D-matinosamine
N-acetyl-D-glucosamine
N-acetyl-D-galactosamine
a-methyl-D-tnannoside

(T2)»

(5)
(4)
(4)
(4)
(4)
(4)

(4)

LIF -control
(vpithout sugar)

0.57 ± o.i7§
0.56 ± o.t9
0.62 ^ 0.2 r

0.77 ^ 0.06

0.58 ± 0.27

0.66 ± 0.19

0.71 ± 0.14

0.65 ± 0.21

LIF + 0.1 M
monosaccharide

0.74 ± 0.21

0.65 ± 0.18

0.64 ^ o.t7

0.77 ± 0.0S

0.63 ^ 0.24

0.65 ± 0.19

0.71 ± 0.13

0.63 ^ 0.20

p
r

<O.O5

nst
ns
DS

ns

ns
ns
ns

* Number of experiments.
§ Mean migration index ± SD.
t ns r= not significant
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Effect of Monosaccharides on LIF Activity

All sugars tested (see Table i) were obtained in analytical grade form from
Sigma. Three different batches of a-L-fucose were tested. The carbohydrates
were dissolved in TC-199 at concentrations outlined in "Results" and added to
the iyophilized material frona both LIF and control supernatants before assay.
Identical LIF and control supernatants were dissolved in the same amount of
TC-199 and assayed in parallel for LIF activity. As a further control, cells were
migrated in TC-199 both with and without sugar.

Statistical Methods

The statistical significance of difference was determined by the Wilcoion rank
sum test. The significance of correlation was assessed by means of Spearman^s
coefficient of rank correlation (6).

R E S U L T S

Sephadex Gel Filtration

Lyophilized material from 140 ml lymphokine-rich or con-
trol supernatants was filtered on Sephadex G-ioo. LIF activ-
ity etuted both with and slightly after the albumin marker
(2nd and 3rd fraction respectively). If LIF is assumed to be
a globular protein the estimated molecular weight was 40,000
to 50,000 daltons. The results of five such experiments are
summarized in Fig. i .

The mean percentage of inhibition found in the second frac-
tion was 23 per cent (P < 0.05) and in the third fraction
35 per cent {P < o.oi) . No significant inhibitory activity was
found in any other fractions. In particular, no activity could be
detected in fractions containing molecules of the same size as
human MIF (mol.wt. 23,000 daltons).

Monosaccharides and LIF Activity

The effect of monosaccharides on human LIF is presented
in Table i. In all experiments LIF-rich and control super-
natants, with and without the sugars, were set up in parailel.
The sugars by themselves did not inhibit the migration of
leukocytes. Only «-L-fucose showed a significant reduction in
LIF activity but the leukocytes in an average of twelve differ-
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Fig. 2.
The dose-response of different concentrations of a-L-fucose on moderate LIF
activity. The reduction of LIF activity is significant in the presence of o.i M
a-L-fucose (P <̂  0.05). The correlation between decrease in LIF activity and
increase in a-L-fucose concentration is significant (P <C 0.01). Mean values of

six different experiments. Vertical lines indicate ± SD.

ent experiments were still significantly inhibited, even in the
presence of o.i M a-L-fucose.

The experiments could be divided into two groups:
a) When unconcentrated supernatant material was tested

in the absence or presence of a-L-fucose, the LIF activity
( M I : 0.71) was repeatedly and completely inhibited ( M l :
0.92) as shown in Fig. 2. Furthermore, the blocking of LIF
was dose-dependant and a significant linear correlation he-
tween increase in a-L-fucose concentration and decrease in
LIF activity was found (P < o.oi) (Fig. 2) .

b) When concentrated LIF-rich and control materials were
tested only a slight decrease in LIF activity could be seen. The
results of six different experiments are presented in Fig. 3.



333

0.8

IMO.6

I
I
Co.4

0,2

LIF —Control {withoul a-L-fucose)

LIF-(-O.I M a-L-fucose

( 2 3 4 5 6
EXPERIMENT NO.

Fig.3-
The effect of o.i M o-L-fucose on strong LIF activitj.

TABLE 2
Reversibility of the a-L-furose Effect on Leukocyte Migration Inhibitory Factor

(LIF).

LIF

Control (without a-L-fucose)
4- a-L-fucose o.r M
Preincubated i h 37° C without sugar^
then passed on Sephadex G-5o§
Preincubated i h 37° C with 0.1 M a-L-fucose,
then passed on Sephadex G-50

Migration Index

0.61*
0.90

0.60

0.65

• Mean of two experiments.
I The sugar was removed by Sephadex G-50 column chi-omatography.

Even high concentrations of «-L-fucose (0.33 M) did not
significantly block strong LIF activity.

Experiments were then undertaken to investigate whether
the effect of a-L-fucose was reversible. LIF and control super-
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natants were incuhated with o.i M «-L-fucose for i h at 37° C.
The sugar was then removed by passage through Sephadex
G-50, equilibrated and eluted with TC-199. As shown in
Table 2, LIF activity was hlocked when assayed in the pre-
sence of sugar, but when LIF was preincubated with a-L-fucose
and the sugar removed, the LIF activity was still present.

Likewise, human huffy coat cells were incuhated for i h at
37° C with O.I M «-L^fucose. The indicator cells were then
washed free of sugar and assayed with lymphokine and control
supernatants. The cells were still inhibited by LIF as shown in
Table 3.

TABLE 3
Effect of Putse Treatment of Peripheral Btood Leukocytes •with a-L-fucose.

Migration Index

Preincubated i h 37° C withoQt sugar,
Buffycoat then vrashed three times and assayed with LIF 0.64*
cells Preincubated j h 37° C with 0.1 M a-L-fucose,

then washed three times and assayed with LIF 0.63

* Mean of two experiments.

D I S C U S S I O N

Sephadex G-ioo Chromatography and LIF Activity

Human M I F and LIF so far seem to he two different pro-
ducts of activated lymphocytes (12). LIF selectively inhibits
the migration of polymorphonuclear leukocytes hut does not
inhibit the migration of human monocytes or guinea-pig macro-
phages. The main physiochemical difference between the two
mediators was shown to he the elution pattern in Sephadex
G-ioo gels. Thus, LIF eluted with albumin (68,000 daltons)
differing from the estimated molecular weight of human MIF
(23,000 daltons). Antigen-induced and Con-A-induced LIF
behaved alike with regard to Sephadex chromatography, acryl-
amide gel electrophoresis, isopycnic centrifugation and sus-
ceptibility to chymotrypsin and neuraminidase (13).
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Peak LIF activity appeared from Sephadex G-ioo gels with
molecules of an approximate molecular weight of 40,000 to
50,000 daltons. No activity was present at around 23,000
daltons while some activity was demonstrable around 68,000
daltons. The apparent difference in molecular weight between
this mediator and LIF described by Rocklin (13), and the
elution in a rather broad area, could be due to the presence of
aromatic substances in the lymphokine molecule. These sub-
stances show greater affinity to the Sephadex gel phase than
to the aqueous phase and are retarded to varying extents, de-
pending on even slight changes in experimental conditions.
However, this is only speculative, and the fact that the media-
tors were tested using different assay methods must also be
considered. Thus, microcinematographic studies have revealed
two distinctly different ways of cell migration in capillary and
agarose migration assays (2) . In the capillary assay, cells are
tumbling passively out from the tubes showing only little auto-
nomous movement. The inhibition phenomenon was seen to be
initiated by the spreading and clumping of indicator cells
which became stuck to glass surfaces and to each other. In the
agarose assay the polymorphonuclear cells migrate by an ac-
tive movement, the motion being slowed down more and more
under the influence of the inhibitory factor. Therefore, the
possibility of the existence of several molecular species of LIF,
or of LIF being made up of subunits undergoing association-
dissociation reactions cannot be excluded.

The Blocking of LIF Activity by a-L-fucose

The studies indicate that a-L-fucose, a well-known compo-
nent of mammalian cell membranes and bloodgroup sub-
stances, blocks LIF activity reversibly whereas other mono-
saccharides do not. Consequently, a-L-fucose, either on LIF or
on the polymorphonuclear cells and the macrophages, seems
to be necessary for the mediator-cell interaction. The findings
of Remold (11) that a-L-fucose blocked the effect of guinea-
pig M I F on macrophages, and that macrophages incubated
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with o:-L-fucosidase no longer responded to MIF, seems to
favour the hypothesis that a-L-fucose is in fact an important
part of the receptor for guinea-pig MIF. However, the block-
ing of LIF activity by a-L-fucose in only high concentrations
and the fact that strong LIF activities could not be blocked
even by 0.33 M solutions of the sugar suggests that a-L-fucose
is merely a part of the binding receptor.

Recently, two independent laboratories have stressed the
significance of a-L-fucose in mediator-membrane biology by
the documented blocking effect of this sugar on MIF-like ac-
tivity derived from fetal calf serum (8) and from virus trans-
formed mouse cells (10).

If LIF can be shown to bind reversibly to a-L-fucose with-
out being destroyed, affinity chromatography might be used
for achieving separation of lymphokines which is difficult or
even impossible when using less specific techniques.

SUMMARY

Peak leukocyte migration inhibitory activity was produced
in vitro by human lymphocytes stimulated with concanavalin A
and eluted from Sephadex G-ioo gel columns in fractions
containing molecules of mol. wt. 40,000—50,000 daltons. No
activity was found in fractions containing molecules of mol. wt.
23,000 daltons which is the estimated size of the human
macrophage migration inhibitory factor ( M I F ) . In the pre-
sent experiments migration inhibition was tested on human
peripheral blood leukocytes migrating under agarose.

Unconcentrated supernatant activity was reduced in a dose-
related manner by a-L-fucose. At a concentration of 0.1 M
a-L-fucose, the mediator activity was completely neutralized.
The effect was reversible and specific for a-L-fucose. Concen-
trated supernatant activity, however, was only slightly reduced
even in the presence of a higher concentration of sugar. The
possible role of a-L-fucose as a part of a mediator receptor on
the indicator cells is discussed.



337

A C K N O W L E D G M E N T S

The study was supported by grants from the Danish Hospital Foundation for
Medical Research, Region of Copenhagen, Greenland and the Faroe Islands, and
the Danish Medical Research Council.

The skilfui technical assistance of Mrs. Lidy Broersma is gratefully ac-
knowledged.

R E F E R E N C E S

1. Agrawal, B. B. L. & Goldstein, I. (1965) : Specific binding of concanavalin A
to cross-linked dextran gels. Biochem. J. Q6, 23C-25C.

2. Ax, W. & Tautz, C. (197+) : Assay of leucocvte migration inhibition under
agarose. Behring Inst. Mitt. S4> 72-80.

3- Bendtzen, K. (1975) : Drug effects on human leucocyte migration and mi-
gration inhibitory activity from lymphocv-tes stimulated with concanaralin A.
Acta path, microbiol. scand. Sect. C. (In press).

4. Bendtzen, K., Andersen, V. & Bendixen, G. (1975): An in vitro assay of
leukocyte migration inhibitory activity from human ]ymphoc3'tes stimulated
with concanavalin A. Acta allergoi. jo> 133—149.

5. Clausen, J. E. (1972) : Migration inhibitory effect of cell-free supernatants
from mixed human lymphocyte cultures. J. Immunol. loS, 453—459.

6. Diem, K. (ed.) (1962): Documenta Geigj. Scientific Tables. 6th edn.
J. R. Geigy S. A., Basle.

7. Dumonde, D. C, Wolstencroft, R. A., Panayi, G. S., Matthew, M., Morley, J.
& Howson, W. T. (1969): "Lymphokines": Non-antibody mediators of
cellular immunity generated by lymphocjte activation. Nature (Lond.) 2J4r
3S-42.

8. Fox, R. A., Gregory, D. S. & Feldman, J. D. (1974) : Macrophage receptors
for migration inhibitory factor (MIF), migration stimulatory factor (MSF),
and agglutinating factor. J. Immunol. 7/^j 1867—1872.

9. Haremann, K., Horvat, M., Sodomann, C.-P., Havemann, K. & Burger, S.
(1972): Protease activity as a possible mechanism cf migration inhibitory
factor. Kur. J. Immunol. 2, 97-99.

ID. Poste, G. (1975) : Production of macrophage migration inhibitory factor(s)
(MIF) by virus-transformed cells. Exptl. Cell. Res. Q3, 283-290.

11. Remold, H. G. (1973): Requirement for a-L-fucose on the macrophage
membrane receptor for MIF. J. exp. Med. /jS, 1065-1076.

12. Rocklin, R. E. (1974): Products of activated lymphocytes: Leukocyte in-
hibitory factor (LIF) distinct from migration inhibitory factor (MIF).
J. Immunol. 112, 1461—1466.

13' Rocklin, R. E. (1975) : Partial characterization of leukocyte inhibitory factor
hy concanavalin A-stimuIated human lymphocytes (LIFp(,Qj^). J. Immunol.
114, ri(ii-it65.



338

14. Rocklin, R. E., Renaold, H. G. & David, J. R. (1972): Characterization of
mediators produced by antigen-stimulated lymphocytes. I : Migratioti in-
hibitory factor (MIF). Cell. Immunol. 5̂  4J6-445.

15. Svendsen, P. J. (1973) : Fused rocket immunoelectrophoresis. In Axelsen,
N. H., Krall, J. & Weeke, B. (eds.) : A manual of quantitative immuno-
electrophoresis, pp. 69-70. Scand. J. Immunol. 2, Sappl. i.

Author's address: K. Bendtzen, M.D.
R0nnealIe g
DK-3540 Lynge
Denmark






